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Up to the present no experimental data have been available to explain the 
wide variation in sensitivity to diphtheria toxin of closely related species such as 
the rat and the guinea-pig. The investigations herein recorded were designed to 
elucidate this phenomenon. The effect of different toxins can vary widely, but there 
are numerous indications that toxins interact with lipid substances. Some, as for 
instance tetanus, botulinus, shiga toxins and snake venoms show special affinity 
for the central nervous system. Diphtheria toxin markedly affects peripheral 
nerves, whereas the alpha toxin of Cl. welchvi and cobra venom are lecithinases, and 
staphylococcal, streptococcal and other toxins are strongly haemolytic. On the 
other hand, it has been known for a considerable time that cholesterol and similar 
compounds are able to protect red cells against the haemolytic effect of certain 
snake venoms, and in the case of diphtheria toxin the detoxifying effect of sterols 
has lately been demonstrated (Eisler and Gottdenker, 1938). 

The importance of the intracellular oxidases for the biological detoxication of 
bacterial toxins has been described in a number of publications (Petherick and 
Singer, 1943, 1944a, and 1944b) and attention has been directed to the fact that 
the intracellular oxidases occur in the form of distinet granules which can be 
stained with lipid soluble dyes such as scarlet red or sudan III. In infection 


or during toxaemia these granules tend to disappear or to lose their ability to 
react both with oxidase-stains and lipid-stains (Singer, 1945). 

Investigations concerning the importance of organ-lipids for the detoxication of 
toxins were therefore indicated. It was thought that differences in the construction 
of the lipid material in the oxidase granules might be the reason for the variation 
in sensitivity of different animal species. 


MATERIAL AND METHODS. 


Animals were killed, bled, the organs removed and washed in saline. The organs and clotted 
blood were then weighed, ground with sand and mixed with ten volumes of an alcohol-ether 
mixture consisting of three parts aleohol to one part ether. The mixture was heated to boiling 
and then kept for 24 hours at room temperature in the dark. After filtration the extract was 
evaporated to dryness on a sand bath at approximately 50° C. under a stream of carbon dioxide. 
The residue was dissolved in peroxide-free anhydrous ether, and a small insoluble portion spun off. 
This solution constitutes the ether extract with which most of the experiments were performed. 
Details of further fractionation are given in the text. 

For the experiments, an appropriate amount of extract was evaporated to dryness, the same 
precautions as in its preparation being observed, and the residue emulsified in 2 ml. M/30 isotonic 
Sérensen phosphate buffer of pH 6-5 containing 50 units (skin test doses) of diphtheria toxin 
per ml. The effect of the extractives on the toxin was determined by the intracutaneous injec- 
tion of appropriate dilutions into guinea-pigs after incubation of the mixture at 37° C. for various 
intervals, usually for 5 hours. 


EXPERIMENTAL. 


_ To exclude the possibility that the lipid substances interfered with the action of diphtheria 
toxin on the guinea-pig skin, controls were performed as follows. One unit of diphtheria toxin 
was added to the extractives from 5 gm. of rat or guinea-pig organs and the mixtures injected 
immediately. No interference with the action of diphtheria toxin could be observed, only a 
slight modification of the reaction occurring. Apart from a yellowish discoloration, caused by 
the deposition of lipid substances, extractives from all organs, without the addition of diphtheria 
toxin, had no effect when injected into the guinea-pig skin. 
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It was easily demonstrable that the residue from the ether extract of rat organs was more 
effective in the detoxication of diphtheria toxin than the residue from guinea-pig organs. 


TABLE 1. 


Action of organ lipids of rat and guinea-pig on diphtheria toxin. Experiments with residue from 
ether extracts, All experiments performed in 2 ml. isotonic phosphate buffer pH 6-5 containing 
50 units (skin test doses) of diphtheria toxin per ml. All tests incubated for five hours at 37° C. 


Extractives from 10 gm. organ. 


Toxin units injected 5 23 1 Toxin units injected 5 24 1 
Rat liver = 0 0 Guinea-pig liver ++ 44+ ~ 
Extractives from 3 gm. organ. 

Rat liver ++ + 0 Guinea-pig liver ++ 44+ + 
Rat muscle + 0 Guinea-pig muscle ++ 44+ 
Rat skin 0 Guinea-pig skin ++ 44+ 
Rat blood ++ + = Guinea-pig blood ++ ++ + 
Extractives from 1-5 gm. organ. 

Rat liver ++ + 0 Guinea-pig liver ++ 44+ + 
Rat muscle oe = 0 Guinea-pig muscle ++ 44+ 
Rat skin 0 Guinea-pig skin ++ 
Rat blood ++ ++ £(+) Guinea-pig blood ++ ++ + 
Rat brain ++ 44 = Guinea-pig brain ++ 44+ + 
Rat kidney 0 Guinea-pig kidney ++ 44+ 
Rat depot-fat ++ + (+) Guinea-pig depot-fat ++, ++ + 


++ Signifies a reaction corresponding to more than one unit. 

+ Signifies a reaction corresponding to one unit. 
+, (+) Signifies a reaction corresponding to less than one unit. 
0 Signifies no reaction. 


The residue from crude ether extracts prepared from 1-3 gm. of organs from rats is able to 
detoxify considerable amounts of diphtheria toxin after 5 hours ineubaticn, whereas extracts 
prepared from equivalent amounts of organs from guinea-pigs are completely inactive. It is 
only when the incubation period is prolonged to 24 hours that extracts from guinea-pig organs 
show some slight activity. 

Identical experiments with those reported in Table 1 were performed with extractives from 
liver of rabbits and cockerels. As expected, it was found that the extracts of rabbit liver did not 
affect the diphtheria toxin, whereas the extractives from cockerel liver showed a detoxifying 
effect comparable with that of rat liver. 

In organs, lipids occur outside the oxidase granules. The experiments with organ extracts 
are, therefore, open to the objection that the extracts contain ether-soluble substances which 
are not constituents of the oxidase granules. White blood cells, however, contain practically no 
other constituents of a lipid nature, as can easily be proven by staining films with scarlet red 
or sudan III. The following experiment shows that extracts from rat leucocytes have approxi- 
mately the same effect as extracts from equivalent amounts of rat organ. This result makes it. 
very likely that the source of the active part of the extract is actually a lipid constituent of the 
oxidase granules. The fact that extractives from depot-fat are not more active than organ- 
extracts leads to the same conclusion. The results are set out in Table 2. 


TABLE 2. 


Action of lipids from rat and guinea-pig leucocytes on diphtheria toxin. Leucocytes were 
recovered from the peritoneal cavity 48 hours after intraperitoneal injection of peptone broth, 
washed, weighed, and extracted as wnder Material and Methods. Other experimental details 


are identical. 
Extractives from 0-4 gm. leucocytes. 
Rat. Guinea-pig. 
No. of toxin units injected 5 24 1 5 24 1 
++ ++ (+) ++ ++ + 
Extractives from 0-4 gm. liver. 
++ + (+) ++ ++ + 


In other experiments the activity of extracts from various organs of the same animal has 
been investigated and a representative experiment is given in Table 3. 
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TABLE 3. 


Action of lipids extracted from the organs of a rat on diphtheria toxin. Injections containing 
the same number of units were made on the same guinea-pig. 


Extractives corresponding to 1-5 gm. organ. 


No. of toxin units injected 5 23 1 
Kidney + = 0 
Liver + 3 0 
Blood 0 
Muscle + (+) 0 
Skin + (+) 0 
Brain ++ + 0 
Depot-fat ++ + 0 


According to these results, skin and muscle are more active than liver and kidney, and the 
latter are more active than blood, brain and body fat. 

In an attempt to characterize the substance or substances which are responsible for this 
detoxication a further purification of the extracts was attempted. 

Ether extracts from rat and guinea-pig liver were mixed with five volumes of anhydrous 
acetone, the precipitate of phospholipids spun off, both fractions evaporated to dryness in the 
usual way and then tested for their action on diphtheria toxin. 


TABLE 4. 


Action of lipid fractions from rat and guinea-pig liver on diphtheria toxin. 
Extractives corresponding to 3 gm. liver in all experiments. 


Rat. Guinea-pig. 
Toxin units injected 5 24 1 5 24 1 
Extractives from crude alcohol-ether extracts ++ (x) 0 ++ 4+ + 
Extractives from ether extract 0 0 ++ ++ a 
Acetone soluble fraction + 0 0 ++ ++ = § 
Acetone insoluble fraction ++ ++ 


The detoxifying activity was found almost entirely in the acetone-soluble fraction, only a 
trace being evident in the acetone-insoluble phospholipid fraction. This result excludes the 
phospholipids as detoxifying agents but as numerous substances of lipid and vitamin nature 
are soluble in acetone, no definite conclusion as to the chemical nature of the detoxifying agents 
can be reached. Further elucidation of this question was attempted by a saponification of the 
acetone-soluble fraction with sodium aleoholate in an alcoholic solution. The results of these 
experiments were inconclusive as proper emulsification of the fractions obtained in this way 
was impossible. The results of these experiments are given in Table 5. 


TABLE 5. 


Effect of non-saponifiable and saponifiable lipid fractions from rat liver on diphtheria toxin. 
The acetone-soluble fraction was evaporated to dryness, dissolved in absolute alcohol and saponi- 
fied with sodiwm-alcoholate for 24 hours at room temperature. The alkaline alcoholic solution was 
diluted with water and extracted with petroleum-ether. The petrolewm-ether was washed to 
neutrality with distilled water and evaporated to dryness. This constitutes the non-saponifiable 
fraction. 
The residue from this extraction was acidified with dilute sulphuric acid and the extraction 
with petrolewm-ether repeated. The residue from the petroleum-ether constitutes the saponifiable 
fraction. Other experimental details were identical. Extractives corresponding to $ gm organ 
were used in all experiments. 


Non-saponifiable fraction. Saponifiable fraction. 
’ Toxin units injected 1 5 23 1 


No. of experiment 


bo 
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1 ++ ++ ++ ++ + a 
2 ++ ++ ++ ++ + 
3 ++ ++ ++ ++ + ot 
4 ++ ++ ++ ++ + 
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The results of four experiments performed with non-saponifiable and saponifiable fractions 
from the organs of rats show that in all tests the non-saponifiable fraction had some slighd 
activity against diphtheria toxin, whereas the saponifiable fraction proved to be inert. The 
observed activity however was weak, so that the results do not permit the identification of the 
activity of the crude extracts with their non-saponifiable fraction. Two possibilities have to be 
considered; first, that some active substances have been destroyed by the saponification process; 
second, that the impossibility of producing fine and stable emulsions of these fractions in phos- 
phate buffer constitutes the reason for their weak effort. 


DISOUSSION. 


In assessing the importance of these experiments for the explanation of the 
high natural resistance of rats to diphtheria toxin, the following points have to be 
taken into consideration. When the extractives of organs of rat and guinea-pig 
are incubated for five hours with diphtheria toxin, marked detoxication is pro- 
duced by the lipids from rat organs and none by corresponding amounts extracted 
from guinea-pigs. In experiments in which the time of incubation was prolonged 
for 24 hours, extracts from guinea-pig organs show some slight activity, the pro- 
portion between the guinea-pig and the rat being of the order 1:10. The natu- 
ral resistance of rats against diphtheria toxin is, however, of an incomparably 
higher order. It therefore cannot be stated that the activity of its lipids is the 
only explanation of the high resistance of the rat. If one considers that the 
detoxication of diphtheria toxin in vivo is a very slow process, and that the lipid 
constituents in the extracts are not in their proper correlation to each other and the 
other essential structures of the living cell, the difference in rate of activity seems 
to be of minor importance. 

Admitting that the high resistance of the rat cannot be explained by the de- 
toxifying effect of its organ lipids alone it is the only fact so far known which 
can be used to explain this phenomenon. 

The following facts can be adduced to support a tentative hypothesis con- 
cerning the pathogenesis of bacterial intoxication and the biological detoxication 
of bacterial toxins: 

Many toxins interact with lipids occurring in animal cells. 

The intracellular oxidases occur in the form of distinct granules of high 
lipid content. 

Lipid extracts from rat organs are able to detoxify diphtheria toxin where- 
as corresponding extracts from guinea-pig organs are devoid of activity. 

The intracellular oxidases are implicated in the biological detoxication of 
bacterial toxins. 

Marked changes, and even complete disappearance of the oxidase granules can 
be observed in preparations from toxaemic animals and man. 

It can be assumed therefore that the primary pathogenic effect of bacterial 
toxins is located at the lipid constituents of the oxidase granules. In a resistant 
species these are able to detoxify the toxin before it affects the oxidative enzymes. 
In a susceptible species the lipids are unable to detoxify the toxin and are affected 
in such a way that the oxidase granule is damaged, and under certain conditions 
disappears completely, releasing its content of oxidative enzymes. These changes 
are incompatible with the proper functioning or even with the survival of the cell. 

Moderate toxaemia which does not lead to an immediate destruction of the 
oxidase granule might, e.g. by increasing the permeability, lead to an increased ac- 
cessibility of the oxidative enzymes to abnormal substrates, and in this way fur- 
nish an explanation for the increased rate of oxidation and the extensive destruc- 
tion of body protein in infectious diseases. 
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In intoxication with sub-lethal doses of toxins these are detoxified by the 
persisting activity of the oxidative enzymes, the detoxication being closely coupled 
with the oxidation of normal substrates. 

This hypothesis covers all known facts; factors which are at present un- 
known might make necessary its modification. 


SUMMARY. 


Lipid extracts from rat and cockerel organs are able to detoxify diphtheria 
toxin. Identical extracts from guinea-pig and rabbit organs are devoid of ac- 
tivity. 

The importance of this fact for the explanation of natural resistance against 
diphtheria toxin has been discussed. 
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In a previous communication (Petherick and Singer, 1944a) the detoxica- 
tion of partially purified diphtheria toxin by the action of iron or copper and 
ascorbic acid has been described. It was demonstrated that small amounts of iron 
or copper salts, together with ascorbic acid produced marked detoxication and 
under certain conditions complete destruction of diphtheria toxin. 

The toxin used in these investigations was only partially purified and apart 
from containing a considerable amount of broth constituents was contaminated 
with small amounts of citrate and alum remaining from the purification proce- 
dures. 

The present investigations were undertaken to obtain quantitative data con- 
cerning the activity of a metal-ascorbie acid, or a metal-hydrogen peroxide sys- 
tem in contact with a pure protein. No evidence was available as to whether 
diphtheria toxin is more or less susceptible than ovalbumin. This question 
should be investigated when sufficient quantities of pure diphtheria toxin can be 
produced. The fact that diphtheria toxin dissolved in 50 p.c. rabbit serum 
(Petherick and Singer, 1943) can be detoxified without producing obvious changes 
in the serum proteins, and that the injection of metals can protect animals against 
a fatal dose of some toxins (Petherick and Singer, 1944b) makes it probable that 
the sensitivity of bacterial toxins is of a higher order than that of animal proteins. 


MATERIAL AND METHODS. 


Crystalline ovalbumin was prepared according to the method of Cole (1932-3). The oval- 
bumin used to immunize rabbits was recrystallized twice only, that used in the actual experi- 
ments was recrystallized five times. Five recrystallizations were found to be necessary to obtain 
a single zone of precipitation. 

Rabbits were immunized by intravenous injections of 0-04 gm. of crystalline ovalbumin on 
three successive days per week and the serum collected when the antibody content was considered 
to be sufficient. From the first batch so obtained, 0-027 ml. gave optimal precipitation with a 
1/30,000 dilution of five times recrystallized ovalbumin. This supply of serum was then used as 
an arbitrary standard for the assay of further batches. 


TABLE 1. 
mg. p.c. mg. atom per 1,000 ml. 
Fe Cu t+ Mnt+ 
0-38 0-00068 0-00060 0-00069 
0-2 0-00035 0-00031 0-00035 
0-1 0-00018 0-00015 0-00018 


0-00009 0-00008 0-00009 


Millimolar concentration. 
Ascorbic acid. Ovalbumin. 

88 0-05 
44 0-025 
22 0-013 0-059 — 
10 0-006 0-030 0-003 

0-023 

5 0-004 0-015 —_ 

2°5 0-002 

3-3 0-001 


1 Working under a full-time grant from the National Health and Medical Research Council. 
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All precipitin tests were performed by a method previously described (Petherick and Singer, 
1944a). The only change was that the constant antibody method was used as it gave a sharper 
result than the constant antigen technique. 

For the experiments the following procedure was followed: 18 ml. of a solution containing 
crystalline ovalbumin in a final concentration of 1/10,000 and appropriate amounts of copper 
sulphate, manganous sulphate or iron salts and neutralized ascorbic acid or hydrogen peroxide 
were placed in a 150 ml. Erlenmeyer flask and incubated for 44 hours at 37°C. The intitial 
concentration and changes in the concentration of ovalbumin were determined by quantitative 
precipitin titrations. In the Tables, concentrations of reagents are given as mg. p.c. In Table 1 
the concentrations of all substanecs used are given as millimolar, as mg. atom/litre, and as mg. p.c. 

For the sake of convenience and so that these experiments could be easily compared with 
the earlier ones with diphtheria toxin, results are recorded in the following manner. The amount 
of crystalline ovalbumin giving optimal precipitation with 0-027 ml. of our standard serum was 
designated as ‘‘20 units’’. A decrease in the concentration of antigenic ovalbumin is given 
as a decrease in unitage, e.g. a shift of the point of optimal precipitation from the original con- 
centration of 1/30,000 to 1/15,000 is given as a decrease in ‘‘ units’’ from the original 20 to 10. 
This means that the results are recorded on a percentage basis. The relative decrease in the 
concentration of diphtheria toxin in former experiments and of ovalbumin in the present in- 
vestigations are directly comparable. The actual concentrations of toxin protein and ovalbumin 
were however 1/16,600 and 1/10,000, respectively. All titrations were performed in the range 
10-20 units. If only slight precipitation, i.e. outside the zone of optimal proportions, was 
observed in this range, the result is recorded as ‘‘trace’’, When no precipitation at all occurred, 
the result is given as ‘‘0’’. 


EXPERIMENTAL. 
Copper. 


It was found in previous experiments that 0-75 mg. p.c. copper acting together with 3,500 
ing. p.c. neutralized ascorbic acid was necessary to destroy 20 units of diphtheria toxin completely. 

In the present experiments it was found that the quantity of ascorbic acid used in the earlier 
series was grossly in excess of that required to destroy purified ovalbumin. 

From the results recorded in Table 2 it can be seen that the minimal concentration of copper 
required for the destruction of ‘‘20 units’’ of ovalbumin is of the order of 0-38 mg. p.c. In the 
presence of phosphate this concentration together with 2-5 mg. p.c. of ascorbic acid or 5 mg. p.c. 
hydrogen peroxide results in almost complete destruction of the ovalbumin. 

From these results the following deductions can be made. Very small amounts of either 
neutralized ascorbic acid or hydrogen peroxide are sufficient to destroy ovalbumin, smaller amounts 
being active in experiments performed in phosphate buffer than in those performed in physio- 
logical saline. 


TABLE 2. 


Breakdown of crystalline ovalbwmin by copper and ascorbic acid or hydrogen peroxide. 
(a) Experiments in physiological saline. 


Out+ Ascorbic acid Units of ovalbumin remaining 
mg. p.c. mg. p.c. after 44 hours incubation. 
0-38 175 0 
0-38 87°5 Trace 
0-38 43-8 Trace 
0°38 21-8 20 
(b) Experiments in isotonie M/30 phosphate buffer pH 6-5.* 
cu** Ascorbic acid Units of ovalbumin 
mg. p.c. mg. p.c. after 44 hours incubation. 
0-38 5 0 
0°38 Trace 
0-38 1 20 
Units of ovalbumin 
mg. p.c. mg. p.c. after 43 hours incubation. 
0-38 10 Trace 
0-38 7°5 Trace 
0-38 5 Trace 
0-38 1 10 


* No difference in results was observed in the pH range 6-8, therefore only experiments 
performed at the physiological pH of 6-5 are reported. 
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To elucidate the reason why such large amounts of ascorbic acid had been found necessary 
to destroy diphtheria toxin the above experiments were repeated, substituting citrate buffer of 
pH 6-6 for the isotonic Sérensen phosphate buffer. It was found that even M/90 citrate buffer 
inhibited the activity of the copper-ascorbie acid system almost completely. Similar results 
were obtained when the phosphate concentration was decreased from M/30 to M/90, the activity 
of a Cu-ascorbie acid system being distinctly less in the dilute phosphate buffer as compared with 
the M/30 buffer. These facts furnish a plausible explanation for our results with diphtheria 
toxin. The citrate in our toxin dilutions would inhibit the activity of the copper-ascorbie acid 
system and the absence of phosphate would produce a concurrent effect. 

Resistance of formalin treated ovalbumin. In experiments with diphtheria toxin it was 
shown that formol toxoid was unaffected by amounts of copper and ascorbic acid which were 
regularly found to be sufficient to destroy an equivalent quantity of unaltered toxin. These 
experiments were repeated with formalin treated ovalbumin and similar results obtained. 

A volume of 4 ml. of a solution containing 2 p.c. ovalbumin and 0-4 p.c. formalin was left 
at room temperature for four weeks. The experimental method was the same as with untreated 
ovalbumin, and the results obtained are given in Table 3. 


TABLE 3. 
Breakdown of formol-treated ovalbumin by copper plus ascorbic acid. 


Cu Ascorbic acid No. of units remaining after 
mg. p.c. mg. p.c. 44 hours incubation. 
15 
0-38 5 15 
0-38 20 Trace 


These results show that four times as much ascorbic acid is necessary in the case of the 
formalin-treated ovalbumin to produce the same effect as with untreated ovalbumin. 


Tron. 


In experiments with diphtheria toxin, iron produced a marked detoxication but had prac- 
tically no effect on the combining power of the toxin. The process of ‘‘detoxication’’ could 
not, of course, be followed in these experiments with ovalbumin. Higher concentrations of both 
metal and ascorbic acid or hydrogen peroxide were required to produce an effect similar to that 
of copper plus ascorbic acid or hydrogen peroxide. Even with these higher amounts the effect 
was always markedly less than with copper. 

The results set out in Table 4 demonstrate the fact that these findings with diphtheria toxin 
can be duplicated with ovalbumin. 


TABLE 4. 


Breakdown of crystalline ovalbumin by iron compounds plus redox substances, 


Fe++ Ascorbic acid Units remaining after 
mg. p.c. mg. p.c. 43 hours incubation. 
0-95 5 14 
0-38 5 15 
0-38 10 17 
0-38 20 17 
Fe ++ H202 
mg. p.c. mg. p.c. 
0-38 5 15 
0-38 10 13 
Fe++ Adrenaline 
mg. p.c. mg. p.c. 
0-38 5 20 
0-38 10 15 
Ferricitrate Ascorbic acid 
Fe +++mg. p.c. mg. p.c. 
2 5 15 
2 10 10 
Fe ++ 
mg. p.c. mg. p.c. 
2 5 20 
2 10 20 
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Similar experiments were performed with cytochrome and triethanolamine Fe-chelidamate. 
Neither of these compounds had an effect cn ovalbumin when tested together with ascorbic acid 
or hydrogen peroxide. 

The above experiments were performed in October. Experiments performed during the 
summer months showed a slow but steady increase in the amount of either HO. or ascorbie 
acid necessary for the same effect on the ovalbumin, the minimal effective concentration increas- 
ing from 5 mg. p.c. to 20 mg. p.e. 

As an example, an experiment performed in December is given in Table 5. 


TABLE 5. 


Breakdown of crystalline ovalbumin prepared during the summer months. 


Cu** H.0. Units remaining after 

mg. p.c. mg. p.c. 43 hours incubation. 
0-38 5 20 
0-38 20 10 


Ascorbie acid 
mg. p.c. 
0-38 5 20 


Manganese. 


Tests with manganese were performed with ovalbumin prepared during the summer months. 
As mentioned above, with this ovalbumin 20 mg. p.c. of hydrogen peroxide, acting together with 
copper, was necessary to produce 50 p.c. destruction. 


TABLE 6. 
Comparison of activity of copper and manganese. 


Cut* H,0. Units remaining after 
mg. p.c. mg. p.e. 44 hours incubation. 


onc 


oooosco 


ow 


0-0 
0-1 
0°3 
0°8 
0°3 
0-8 


ttt 


These results show that manganese is active with smaller concentrations of hydrogen 
peroxide than would be necessary if copper were used as metal catalyst, and that less manganese 
is required to produce the effect. This gives a satisfactory explanation for the observations 
reported in a previous paper (Petherick and Singer, 1944b) that manganese is active in fatal 
intoxication of mice with Welchii D toxin, in which neither copper nor iron have a therapeutic 
effect. The actual mechanisms of action of copper, manganese and iron seem to be identical but 
a greater effect can be expected from manganese as the concentration of both manganese and 
hydrogen peroxide necessary to bring about the same result is less with manganese than in the 
case of copper or iron. 


Flavoproteins. 


Oxygen transfer in biological oxidations can occur by iron-free flavoproteins as well as by 
iron-containing enzymes. To investigate the effect of these iron-free oxidative enzymes, flavo- 
protein was prepared from ox heart according to the method of Straub (1939). It was found, 
however, that these enzyme solutions interfered with precipitation in precipitin titrations and no 
conclusive result could be obtained. 


Mnt* 
mg. p.c. 
_ 10 20 
q 10 20 
_ 10 15 
_ 10 15 
_ 20 10 
_ 20 10 
10 16 
10 16 
10 15 
10 10 
: 20 0 
20 0 
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Amount of Hydrogen Peroxide Necessary for the Breakdown of Ovalbumin. 


The surprisingly small amount of hydrogen peroxide necessary for the complete destruction 
of ovalbumin prompted an investigation of the actual amount of hydrogen peroxide which is 
necessary for the breakdown of this protein with different metal catalysts. The experiments 
were performed with the same technique, a dilution of 1/10,000 ovalbumin containing 0-38 mg. p.c. 
metal and 20 mg. p.c. hydrogen peroxide was incubated for 4} hours at 37°C. The hydrogen 
peroxide content was titrated before and after incubation. An example is given in Table 7. 


TABLE 7. 


Amount of hydrogen peroxide required for breakdown of crystalline ovalbumin. 


Before incubation. After incubation. 
H20, Ovalbumin H20, Ovalbumin 
mg. p.c. units. mg. p.c. units. 
Ovalbumin + HO, 20 20 19-5 20 
Ovalbumin + H,O. + Cut++ 20 20 19-3 10 
Ovalbumin + H,O0. + Mn++ 20 20 18 Trace 
Ovalbumin + HO. + Fet++ 20 20 19-5 20 


Two deductions could be made from this experiment. The fact that the catalytic effect of 
the three metals on hydrogen peroxide varies, decreasing in the order, manganese, copper, iron, 
could have been deduced from former experiments. More interesting however is the extremely 
small amount of hydrogen peroxide which was found necessary for the complete destruction of the 
ovalbumin which had been exposed to the metal-hydrogen peroxide system. From 20 mg. p.c. 
hydrogen peroxide which had to be added to produce complete destruction of the protein only 2 mg. 
p.c. have been used up. According to these results it appears that the catalytic breakdown of the 
ovalbumin depends not on the amount of hydrogen peroxide that is required but on the absolute 
concentration of the reagents present. No effect whatsoever could be observed with the sample 
of ovalbumin used in this experiment, when less than 20 mg. p.c. of hydrogen peroxide were 
added to a concentration of 1/10,000 of ovalbumin containing 0-38 mg. p.c. of the metals. 


Formaldehyde. 


In the production of toxoids losses occur which vary from five to sometimes thirty p.c. of the 
toxin which has been exposed to the action of formaldehyde. The same observation could be 
made with the samples of ovalbumin which had been treated with formaldehyde, the combining 
power falling from the original 20 units to 15 units, which corresponds to a 25 p.c. decrease. 
The possibility had to be considered that this decrease was caused by a mechanism, in which traces 
of metals act as catalysts. Experiments were therefore performed in which ovalbumin solutions 
were exposed to the action of 0-38 mg. p.c. of the various metals and 150 mg. p.c. formaldehyde 
for a maximum of 264 hours. No change of the content of antigenic ovalbumin was observed 
when these solutions were compared with a control to which no metal salts had been added. The 
mechanism by which treatment with formaldehyde produces a decrease in combining power 


seems therefore to be different from the mechanism in which metals and redox substances are 
implicated. 


DISOUSSION. 


The principal facts implicated in the detoxication of toxins by metal catalysts 
and redox substances or hydrogen peroxide have been discussed in previous com- 
munications (Petherick and Singer 1943, 1944a and 1944b). 

The experiments with ovalbumin were undertaken to elucidate certain details 
which could not be studied with diphtheria toxin because it has not been feasible 
to prepare sufficient quantities of toxin free of all impurities and contamination. 

Tn a previous communication (Petherick and Singer, 1944b) attention has 
been drawn to the fact that whereas iron, copper and manganese were found to 
be active in fatal intoxication of mice with various toxins, only manganese was 
found to be effective with the toxin of Cl. welchii D. It was thought at the time 
that these differences might be explained by a different distribution of the various 
metals in the animal body. The quantitative investigation of the action of manga- 
nese, iron and copper which is reported in this paper, however, showed that man- 
ganese is much more efficient in combination with hydrogen peroxide than is either 
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copper or iron the minimal active concentration of manganese being only 4th 
of that required with copper. Further, it could be shown that manganese is effec- 
tive with amounts of hydrogen peroxide which are only one-quarter of the mini- 
mal concentration effective with copper or iron as catalyst. 

A further point of interest is the inhibition of the activity of a metal-ascorbic 
acid or metal-hydrogen peroxide system by small amounts of citrate, and the 
favouring action of the phosphate ion. Ignorance of this led to gross exaggeration 
in assessing the minimal amount of ascorbic acid necessary for the destruction of 
diphtheria toxin. The concentration of toxin protein in our former experiments 
was actually slightly lower than the concentration of ovalbumin used in the pre- 
sent studies. It could be shown however that the concentration of ascorbic acid 
necessary to destroy ovalbumin in a dilution of 1/10,000 is only 5 mg. p.c. whereas 
complete destruction of diphtheria toxin in a solution of 1/16,500 toxin protein 
with citrate and broth constituents and free of phosphate required 3,500 mg. p.c. 
It is unlikely that these enormous differences could be due to differences in sensi- 
tivity of ovalbumin and diphtheria toxin. A comparison of the sensitivity of pure 
ovalbumin and pure diphtheria toxin would be desirable. 

The concentration of hydrogen peroxide which is necessary for the destruc- 
tion of a certain amount of ovalbumin is ten times in excess of the amount used 
up in the reaction. The actual amounts of redox substances or hydrogen peroxide 
required for the breakdown of protein are therefore exceedingly minute. This 
fact constitutes the most interesting observation which was made in these experi- 
ments. The high sensitivity of an animal protein to a metal-redox substance 
system invites the formulation of a hypothesis which would explain the increased 
loss of body protein during an infectious disease. Whereas the daily protein loss 
in the fasting adult subject is approximately 30-40 gm. this rises to values above 
200 gm. per 24 hours in infectious diseases. It seems likely that the destruction 
of bacterial toxins, which are protein in nature, is accompanied by increased de- 
struction of body protein. 

The change in the oxidative mechanism responsible for both processes is at 
present unknown but will be made the object of future studies. 


SUMMARY. 


The breakdown of crystalline ovalbumin by a metal-redox substance system 
has been investigated. 

The minimal concentrations of copper, iron and manganese and ascorbic acid, 
adrenaline and hydrogen peroxide necessary for the breakdown of a 1/10,000 
dilution of ovalbumin, have been determined. 

The minimal concentrations of Mn++, Cu*++ and Fe+* as sulphates were re- 
spectively 0-05, 0-38 and 0-38 mg. p.e. 

The minimal concentrations of ascorbic acid and hydrogen peroxide are 
of the order of 2-5-20 mg. p.c., but only 2 mg. p.e. hydrogen peroxide of the 
20 mg. p.c. required are used up in the reaction. 

The importance of these observations for the understanding of the biological 
detoxication of bacterial toxins has been discussed. 
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INTRODUCTION. 


papers have been published dealing with other aspects of the phenomenon. 


by vaccinia virus was of particular interest. 


virus haemagglutination. 


During the last three years continuous use has been made in this laboratory 
of the haemagglutination phenomenon first described by Hirst in 1941. As in most 
laboratories studying influenza virus, it has become the standard method for 
titrating the activity of virus preparations or of immune sera. In addition to 
work in which such routine use was made of haemagglutination methods several 


was shown that freshly isolated strains of influenza A virus had a characteristic 
inability to agglutinate fow!l cells until they had undergone mutation to the 
adapted D phase (Burnet and Bull, 1943) and that the strain Melbourne Egg 
(very highly adapted to the chick-embryo chorioallantois) had developed a similar 
but stable disproportion between the titres given by fowl and guinea-pig cells 
(Burnet, 1944). The activity of Newcastle disease virus (Burnet, 1942) of fowl 
plague virus (Lush, 1943) and of vaccine virus (Nagler, 1942) in agglutinating 
one or other type of red cell was described. Nagler and Clark (1943) made a 
study of the range of animal species whose cells were agglutinated by the various 
viruses available. Their finding that only 50 p.c. of fowls gave cells agglutinable 


In addition to these published studies a number of other findings have been 
made which include points of considerable interest although it seemed hardly 
justifiable to submit individual accounts of the results for publication. We are 
now following the precedent established by Glenny et al. (1925) of reporting a 
number of brief, only slightly interrelated, investigations on the general theme of 
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We feel that as yet the haemagglutination reaction has been regarded only as 
a useful tool for quantitative work and that unduly little attention has been paid 
to the very great theoretical interest of the reaction itself. The specific pseudo- 
immunological relationship between a receptor on the red cell surface and some 
complementary grouping on the virus particle may well be a pattern for the pri- 
mary contact between virus and susceptible cell. A study of the nature of this 
relationship and of means of blocking the union is at present the only visible ap- 
proach to a scientific attack on the problem of virus chemotherapy. The investiga- 
tions to be reported may be regarded as concerned in one way or other with this 
objective. 


TECHNIQUE. 


In order to avoid unnecessary repetition the main features of the materials and methods 
that have been used will be noted here. 

Viruses. The influenza viruses used were all strains that have been widely used in previous 
work from this laboratory; most are standard strains in general use. The Newcastle disease 
virus is an Australian strain originally isolated in 1931 by Albiston and Gorrie (1942). All were 
used in the form of embryonic fluids, sometimes a mixture of amniotic and allantoic fluids takem 
after amniotic inoculation, sometimes allantoic fluid alone. 

Haemagglutination tests. Except where otherwise noted tests were made in round bottom 
tubes, 1 em. in internal diameter, using serial twofold dilutions of virus or of inhibiting agent 
(tears, serum, etce.). A three volume technique was used, each tube containing 0-25 ml. of virus 
dilution, 0-25 ml. of inhibitor dilution or saline and 0-25 ml. of washed 2 p.c. red cells. After 
the mixtures had been shaken they were left usually at room temperature but in some of the 
earlier experiments in the refrigerator (4° C.) until the cells had settled to the bottom of the 
tube. All titrations were read to an endpoint of partial agglutination which we arbitrarily record 
as one-plus (+). This shows a central button of unagglutinated cells surrounded by a zone of 
granular aggregates which are nowhere continuous but are easily seen with the naked eye. In 
our experience this is the most convenient degree of agglutination to use as an index of the end 
point. 


SEcTION I. 


PARTIAL DISSOCIATION OF HAEMAGGLUTININ AND INFECTIVE 
ACTIVITY OF NEWCASTLE DISEASE VIRUS 


by F. M. BURNET 


There is general agreement in recent American work that the agent responsible 
for red cell agglutination by preparations of influenza virus is predominantly at 
least identical with the infective particles of the virus (Lauffer and Miller, 1944). 
It is well known, however, that the virus can be inactivated by heat or formalin 
but retain its full haemagglutinating titre. There is also evidence that there are 
components in allantoic fluid or mouse-lung virus which can react specifically in 
the complement fixation test but are of smaller particle size than the virus. It 
would not be unexpected, therefore, to find that partially disintegrated virus par- 
ticles might retain their haemagglutinating power but lack any capacity to infect. 

In general Newcastle disease virus behaves very much like an influenza virus 
(Burnet, 1942) and experiments were carried out first to see whether this virus 
inactivated by heat or formalin also retained haemagglutinating power and second 
to determine whether after Seitz filtration there was any dissociation of the in- 
fective and haemagglutinating capacity. 

The experiments were made with mixed amniotic-allantoic fluids from em- 
bryos recently dead after amniotic inoculation with the virus. Such fluid gives a 
haemagglutination end point by our technique of approximately 1: 320 and on 
the chorioallantois shows a titre of about 10® infective doses per 0-05 ml. 


HAEMAGGLUTINATION WITH VIRUSES 


EXPERIMENTAL RESULTS. 
Influence of Heat. 


In the form of mixed embryo fluids Newcastle disease virus is moderately resistant to heat. 
Table 1 shows comparative infectivity (chorioallantoic) and agglutination tests with material 
heated at various temperatures. The fluid was completely submerged in sealed ampoules for 
the time shown. At 60°C. and higher temperatures a copious opacity developed with no ten- 
deney to sediment. The tests were made without removing this suspended material. 


TABLE 1. 


Effect of heat on Newcastle disease virus. 


Temperature 
and time of Infectivity. Agglutination of fowl red cells. 

heating. Undiluted. 1: 100. 5 10 20 40 80 160 320 640 
56° 30° +++ +44 +4+ +4+ +4 +4 + 
60° 15’ 110 000 +++ +44 +4+ +44 +4 = 


Infectivity tests on chorioallantois: +, numerous foci with specific death of embryo. 
1, a single specific focus with death of embryo. 0, embryos survived. 


Table 1 shows a sharp dissociation between destruction of infectivity and of power to induce 
agglutination. After 15 minutes heating at 60° C. the virus titre is about 1/108 of the original, 
the agglutination titre is still 50 p.c. At 65°C. the power to cause specific agglutination is 
destroyed. 


Effect of Formalin. 


One ml. volumes of virus were mixed with an equal volume of diluted formalin in saline 
to give final formalin concentrations of 0-5 p.c. (0-2 p.c. HCHO), 0-25 p.c. and 0-1 p.c. The 
mixtures were left 1 hour at 37° C. and tested after a short 4-2 hours’ period at room temperature. 

Tested on the chorioallantois all mixtures were wholly inert but even with 0-5 p.c. formalin 
the agglutination was reduced only to 1: 160. With 0-25 p.c. and 0-1 p.c. formalin complete non- 
infective material gave a titre of agglutination exactly similar to that shown by untreated virus. 

At the same time it was shown as might be expected that red cells made up to a 2 p.c. 
suspension in 0-5 p.c. formalin saline and left 2 hours at room temperature before being used 
were normally susceptible to agglutination. 


Seite Filtration. 


A mixture of equal volumes of fresh embryonic fluid virus and broth was passed through a 
Seitz dise and collected in two 10 ml. samples which were titrated separately for infectivity 
and agglutinating power. The first sample showed no specific activity whatever. Titration of 
the second sample undiluted on the chorioallantois gave one membrane with diffuse secondary 
foci, the other five showing 3, 3, 1,1, 0 foci. The titre is, therefore, approximately 2/50,000,000 
of the original. 

Haemagglutination tests gave ++, +, tr. and — reactions with dilutions of 1, 2, 4 and 8 
set up as usual, i.e. at final dilutions of 3, 6, 12, ete. The specificity of this reaction was proved 
by test against an immune fowl serum. Two sets of serial dilutions of the serum were prepared, 
the undiluted Seitz filtrate was added to one and a 1: 10 dilution of the original virus to the 
other. The results after adding a third volume of fowl cells suspension are shown in Table 2. 

In this experiment infectivity was reduced by 2 X 107: 1, but agglutinating power only by 
about 80: 1. Two other experiments gave similar results. 


TABLE 2. 
Dissociation of infectivity and haemagglutination by Seitz filtration of Newcastle disease virus. 


Infectivity titre. Haemagglutination. 


Original virus 5 X 107 160 
Seitz filtrate 1st 10 ml. 0 1 
Seitz filtrate 2nd 10 ml. 2 X 100 2 


Dilution of immune fowl serum. 


100 200 400 800 1,600 Saline 


Original virus 1: 10 29 FF 
Seitz filtrate 2 (undil.) _ — ++ 


= 
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COMMENT. 


These experiments parallel similar ones on record in regard to influenza 
virus but the dissociation of infectivity from agglutinating titre has not pre- 
viously been reported. It suggests strongly that particles smaller or less readily 
adsorbed than the virus are responsible for a small but definite portion of the 
agglutinating activity. 


Sectron IT. 


EXPERIMENTS ON THE ELUTION OF NEWCASTLE DISEASE VIRUS AND 
INFLUENZA VIRUS FROM FOWL RED CELLS 


by F. M. BURNET 


Soon after the power of Newcastle disease virus to agglutinate fowl red cells 
was recognized it was observed that when tubes containing agglutinated cells 
were reshaken after standing an hour or two at room temperature, they usually 
failed to reagglutinate. Cells agglutinated by any of the influenza viruses and 
similarly treated, reagglutinated in the same fashion as at first. 

To examine this difference more closely red cells were agglutinated by an ex- 
cess of Newcastle disease virus and then washed twice at room temperature with 
normal saline. When resuspended in saline the washed cells showed the normal 
stability of untreated cells. This cell emulsion was tested with the various viruses 
capable of agglutinating normal fowl cells. Influenza A (Melbourne, W.S. and 
Swine 15) influenza B (Lee) and vaccinia viruses agglutinated the cells in nor- 
mal fashion ; Newcastle disease virus produced no agglutination whatever although 
the virus used produced typical agglutination of normal cells. 

This experiment suggested the possibility that each type of virus capable of 
agglutinating fowl! cells had its own point of attack on the cell surface and at- 
tempts were made to obtain cells resistant to influenza virus. At the time of 
these experiments Hirst’s (1942) work on the elution of virus by prolonged ex- 
posure had not been published and it was found impossible to remove the influenza 
virus from the red cells by repeated washing. It was known, however, that agglu- 
tination could be reversed by means of an appropriate immune serum and this 
artifice was used to obtain stable cells from a preparation agglutinated by Mel- 
bourne influenza virus. 

After the cells had been twice washed to remove any immune serum they were used in 
parallel with normal cells to titrate Newcastle disease virus and three influenza virus strains. A 
preparation of cells previously treated by Newcastle disease virus and rendered stable by simple 
washing was included in the same experiment. 

It will be seen that both treatments had the same result, temporary contact with either 


Neweastle disease virus or influenza virus leaving the cells resistant to agglutination by New- 
castle disease virus only. 


TABLE 3. 
Action of influenza and Newcastle disease viruses on treated fowl cells. 


Titres against 
Virus. Normal cells. M. & S. cells. N.D. cells. 
Influenza A 
Melbourne 800 400 8006 
Swine 100 100 150 


Influenza B 400 400 400 
Newcastle disease virus 300 <2 <2 
M.&S. cells. Fowl cells agglutinated by ‘‘Melbourne’’ influenza virus (allantoic fluid 1: 10) 
and then treated with 1: 50 ferret immune serum and twice washed in saline. 


N.D. cells. Fowl cells agglutinated by Newcastle disease virus and freed of the virus by simple 
washing with saline. 


0) 


ple 


HAEMAGGLUTINATION WITH VIRUSES 181 


After the appearance of Hirst’s paper on elution of virus from agglutinated red cells at 
37° C., further experiments with influenza viruses were undertaken. In these experiments washed 
fowl or guinea-pig red cells were added to an excess of active virus and placed in an incubator at 
35° C. for some hours. The mixtures were shaken at approximately half hourly intervals and the 
stability of the suspension noted. When the cells appeared to have become insusceptible to 
agglutination by the virus present, the mixtures were removed and diluted without washing to 
give a 2 p.c. suspension of red cells. These suspensions were then tested for spontaneous 
agglutination and for their susceptibility to the agglutinating action of other viruses. 

It was found that cells which appeared to be insusceptible to the homologous virus at 
35° C. might be almost fully agglutinated at refrigerator temperature. The strains W.S. and B. 
were particularly difficult to test and we never obtained cells which were completely stable at 
refrigerator temperature after treatment with these viruses. By the use of a temperature of 
35° C. and comparison with controls it was possible to judge whether a given virus showed any 
additional agglutinative action on the cells. 

Two representative experiments are depicted in Tables 4 and 5. The first experiment was 
done with guinea-pig cells so that both O and D phase virus could be studied. The virus strains 
used were influenza A, BEL O and D, ‘‘Melbourne (mouse)’’, W.S.; influenza B, LEE, and 
Newcastle disease virus. 


TABLE 4. 
Changes in the agglutinability of guinea-pig cells previously treated with viruses at 35° C. 


Cells previously treated with 
Virus used fortest. N.D.V. BELO. ‘‘Melb.’?’ BELD. BLEE. W.S. Untreated. 


N.D.V. (—) (—) (—) ++ 
BELO 4. (—) (—) (—) ++ 
‘«Melb.’’ + (—) (—) (—) ++ 
BEL D + + (—) (—) (—) ++ 
B ++ + ++ (++) (—) (—) ++ 
++ ++ (++) (+) (—) ++ 
Salinecontrol — + + ++ 


Readings in parentheses represent difference between agglutination observed and that seen 
with saline alone. 
TABLE 5. 
Changes in the agglutinability of fowl cells after treatment with virus at 35° C. 


Cells previously treated with 
Virus used for test. N.D.V. GAT. BEL. WR. **iigh.”’ B. Untreated cells. 
N.D.V. 


GAT ++ ~ (+) (+) (-) +4 
BELD + + + (—) (—) (—) ++ 
“*Melb.’’ ++ (=) (—) (=) ++ 
W.S. ++ (—) (—) (—) ++ 
B ++ ++ +4 (+) (4) ©) 4+ 
Vace. ++ ++ ++ (++) (++) (++) ++ 


In the second experiment fowl cells known to be sensitive to vaccinia virus (Nagler, 1942) 
were used so that this virus could be included in the series. No evidence of any elution of 
vaccinia virus was obtained. The other viruses were Newcastle disease, the influenza A strains 
BEL, Gat, W.S. and ‘‘Melbourne’’, and influenza B ‘‘LEE’’, 


It will be seen from the Tables that with only one partial exception the viruses 
ean be arranged in a linear order such that the earlier members more readily ren- 
der cells resistant to themselves but that these cells are still susceptible to agglu- 
tination by later members of the series. 

The situation can be expressed diagrammatically by the assumption that on 
the surface of the red cell the specific receptors common to the whole series show 
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a graded arrangement. At one extreme are receptors loosely attached to the cell 
and readily available to any of the viruses, at the other firmly attached and only 
accessible to the more active viruses. This can be represented as in Fig. 1 by 

having the ‘‘receptors’’ buried more or less deeply in the surface. 
Receptor A is immediately accessible to New- 
A Bc Doe castle disease as well as to all the influenza 
viruses and is readily removed by virus action. 
Even a brief contact with influenza virus ter- 
minated by immune serum results in the dis- 
appearance of receptors of this type. When 
they have gone Newcastle disease virus fails to 

agglutinate the cells. 
; At the other end of the scale receptor D in 
Fig. 1. Diagram of hypothetical sult fowl cells can be reached only by in- 
receptors in the red cell surface re- fl = 

sponsible for agglutination by in- fluenza B and cannot be removed under the 
fluenza and Newcastle disease virus. conditions of our experiments. Although it 
is reasonable to postulate that the Newcastle 
disease and influenza viruses react with the same set of receptors, our experiments 
suggest that the haemagglutinins of vaccinia and ectromelia viruses are concerned 
with a wholly different set of surface components on the red cell. 


TABLE 5a. 


Resistance of embryonic cells after treatment with influenza viruses. 


Cells treated Agglutination by viruses shown. 
with viruses. N.D.V. M.M. W.S. GAT. C.K.S. BEL. BON. LEE. S.W. Control 


N.D.V. Undil. — + ++ ++ 
M.M. Undil. — + + + ++ — 
W.S. Undil. - = = +4 $+ 
GAT Undil. — ++ ++ ++ 
C.K.S. Undil. — tr ++ ++ 4+ — 
BEL Undil. ++ ++ + 
§.D. 
Swine 15 Undil. — _ some 


Normaleells SD. ++ ++ ++ ++ ++ ++ 44+ 44+ 44+ — 


.. indicates that approximately the same degree of agglutination was present as in the control. 
Where unmistakably greater agglutination occurred it is indicated by the usual signs. 


If similar experiments are carried out with embryonic cells the results follow 
the same general pattern with some significant differences. It is convenient to 
make the experiments by adopting Francis and Salk’s method of harvesting virus 
from embryos inoculated in the allantoic cavity. The mixture of blood and allan- 
toic fluid is placed in a water bath at 37° C. Agglutination at first rapid and 
complete gradually diminishes in intensity after each re-shaking and at a vari- 
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able time the cells become stable or almost so. As soon as a sample shows adequate 
suspension stability the cells are spun down, the supernatant fluid discarded and 
a 2 p.c. suspension of the treated cells prepared. These are then tested against 
allantoic fluid viruses of different types, the virus being used undiluted and at 
‘‘standard dilution’”’ i.e., 5 agglutinating doses. 

Table 5a shows the results. The most striking difference from the findings 
with adult cells is that in this series Neweastle disease virus gives rise to cells 
which are resistant to the influenza A strains. Adult cells similarly treated lose 
their agglutinability by Newcastle disease virus but remain fully susceptible to all 
influenza strains. All the human A strains induce resistance to each other but 
cells treated with these strains still show definite but reduced susceptibility to 
agglutination by Swine and the two B strains. The B strains produce complete 
resistance to all A and B strains but not to Swine. Swine virus usually failed 
to elute sufficiently to give stable cells but by allowing elution to proceed over- 
night a stable suspension was obtained. This suspension was not agglutinated at 
all by any of the viruses used in Table 5a even when they were used undiluted. 

In terms of the hypothesis depicted in Fig. 1, we have to assume that most 
of the receptors are more readily removed from the cell surface than from the adult 
cell, and that a proportion of deeply buried receptors accessible only to Swine is 
also present. It will be obvious that diagrammatic representations of this sort 
ean give only a crude picture of the processes concerned in the adsorption and 
elution of influenza virus to the red cell. But when an effective physicochemical 
study of the Hirst reaction becomes possible such diagrams may have a temporary 
use in co-ordinating a rather complex set of phenomena. 


Section ITI. 


THE PROCESS OF VIRUS NEUTRALIZATION AS OBSERVED IN 
HAEMAGGLUTINATION EXPERIMENTS 


by F. M. BURNET anp W. C. BOAKE 


In a monograph published in 1937, Burnet, Keogh and Lush concluded that 
virus-antibody reactions had the following fundamental characteristics : 


1. In the early stages at least the reaction was fully reversible, an equilibrium 
value being attained which depended on the concentration of the reagents and 
was independent of how the concentrations had been reached. 

2. The time taken to reach equilibrium was inversely related to the concen- 
tration of serum ; experimental demonstration of a time effect was therefore only 
possible with very dilute reagents. 

3. At equilibrium the proportion of surviving (i.e. demonstrable) virus par- 
ticles was independent of the concentration of virus (‘‘Percentage’’ law of An- 
drewes and Elford) and in direct inverse proportion to the serum concentration 
(CP = ‘‘constant”’ law). 


As far as information is available at present the in vitro ‘‘neutralization’’ of 
influenza virus by immune serum demonstrated by Hirst’s method of fowl red- 
cell agglutination is also a manifestation of the virus-antibody reaction. It has, 
therefore, been of interest to test by a far simpler method the conclusions that 
we had reached as a result of experiments using the chorioallantoic method. 

With haemagglutination tests our measure of free virus is the presence or 
absence of red cell agglutination. Just as in chorioallantoie titrations the sig- 
nificant results were from embryos with countable (2-30) foci and not from those 
with confluent lesions or no foci, so with red cell tests the significant values are 
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those which give partial (+) agglutination. It is a reasonable convention to adopt 
that with the standard set up a + agglutination indicates the presence of a cer- 
tain definite concentration of free virus (N). 

Since N is the only absolute amount of free virus that can be measured there 
is no way of testing the ‘‘percentage law’’ by using various concentrations of 
virus with a constant concentration of antiserum. If, however, both the percent- 
age law and the C.P. law hold then we should expect that if a mixture of virus 
and antiserum concentration (V) and (A) give the + agglutination represent- 
ing (N) free virus, provided that (N) is small compared to (V), the ratio (V) : 
(A) which gives (N) will remain approximately constant irrespective of the ab- 
solute concentrations used. In other words the law of multiple proportions should 
hold. 

With very dilute reagents a time effect should be visible. If the equilibrium 
point (corresponding to + agglutination) which would be deduced from the 
behaviour of more concentrated mixtures is at a ratio V/A then mixtures to which 
red cells are added immediately will show the standard + agglutination at a 
ratio V/A+a. As longer time is allowed before adding the red cells to the mix- 
ture so the equilibrium point will move over to the theoretical V/A value. 

The following experiments show that these phenomena are actually observed 
when the influence of antibody on virus is observed by the red cell agglutination 
method. 


Experiment 1. The Law of Constant Proportions holds over a Wide Range of Concentration. 


A stock influenza B virus was used in this experiment against a homologous immune ferret 
serum. Doubling dilutions of serum were prepared over appropriate ranges and to each row an 
equal volume of virus dilution was added. The mixtures were left in contact for 5-10 minutes 
before red cells were added. Table 6 shows the readings at 2 hours. 


TABLE 6. 
Law of constant proportions as shown with influenza B virus and antiserum. 
V:S ratio 
Serum dilutions. at end point 


16 
16 


15 
15 
B/10 


B/20 
B/40 
B/100 tt 44 


There is no significant deviation for a constant V: S at the end point. 


Experiment 2. A ‘‘Time’’ Effect can be Demonstrated more Clearly with more Highly Diluted 
Reagents. 


The reagents used were ‘‘Melbourne’’ influenza virus in the usual form of infected em- 
bryonic fluid and a pooled ferret serum of the same type. A preliminary experiment showed that 
the ‘‘neutral’’ point was at a ratio (V: S) of about 5: 1. Two sets of dilutions were prepared 
V1: 20, 81: 100; V1: 2,000, S1: 1,000. Mixtures were set up in total volume of 20 drops 
(0-5 ml.) in a series of 11 tubes containing 5: 15, 6: 14 .... 15:5 drops of virus and serum 
respectively. The usual 0-25 ml. of 2 p.e. red cells was added to each tube. Three series of 
tubes were used for each pair of primary dilutions. In the first the order in which the reagents 
were added was serum, red cells, virus so ensuring that no time elapsed between the mixing of 


10 20 40 80 160 320 640 
100 200 400 1,600 3,200 6,400 
15 
10 
16 
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serum and virus and the opportunity for free virus to influence the red cells. In the second 
and third series serum and virus were mixed and red cells added to the second after 1-2 minutes 
at room temperature and to the third, one hour later during which period the tubes were left 
in the refrigerator. Table 7 shows the results after 2 hours. 


TABLE 7. 
To show that time is required to reach equilibrium with dilute reagents. 


Drops of reagents in each tube. 


Mixture and time V5 6 7 8 9 10 11 12 138 14 15 

of contact. HH rR 8 7 6 5 

A $/100 + V/20 0 + +4 +4 +4 
B — — — — te ++ ++ 
ie - tr + ++ ++ 


D S/1000+V/200 0 tr +4+ 44+ 44 44+ +4 44+ 

+ tt t+ t+ ++ 44+ 
tro ++ ++ 
+ tt t+ ++ 44+ 
+ 4+ 4+ +4 44+ +4 


The Table is almost self explanatory: it will be seen that the mixtures allowed to stand for 
one hour show a very close agreement in the end points with a tenfold difference in concentration. 
The end point is reached almost instantaneously with the stronger reagents but there is a well 
marked time effect with the weaker ones. 
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D ) Shaken after 2 hours _- — 
E § allowed to re-deposit - - 


Experiment 3. Even in the Presence of Red Cells Equilibriwm can be Reached. 


In a previous section it is shown that small amounts of immune serum can render specifically 
agglutinated cells apparently normal. It was of interest, therefore, to carry out the very simple 
experiment of re-emulsifying the cells in tubes D + E of Table 7 as soon as the readings had 
been taken at 2 hours, returning them to the refrigerator and again reading the agglutination 
2 hours later. The last 2 rows of Table 2 show that the readings had moved almost to the 1 hour 
primary values (F). 


An experiment of this sort makes it clear that we are dealing with a complex reversible 
reaction in which both the virus-antibody and the virus-red cell unions are reversible. 

Experiments of this type have been carried out with a number of different 
virus-serum pairs and have always shown essentially similar results. The find- 
ings provide a theoretical basis for a choice of the most satisfactory way of using 
the haemagglutination test for the accurate titration of influenza virus antibody. 
Since an equilibrium condition can be reached in which a definite end point is given 
at a certain ratio of virus and serum concentrations irrespective of the absolute 
concentrations involved, it is obviously desirable that the determination of this 
ratio should be the object of any titration in which the concentration of either 
reagent is being determined against a standard preparation of the other. 

The requirements for the ideal neutralization test on this basis are: 


1. The method should readily detect a small excess of unneutralized virus. 


The lower the concentration of red cells the smaller the amount of virus re- 
quired to give a corresponding degree of agglutination as judged by the pattern 
of deposited cells. Beyond a certain level, however, further dilution of the red 
cell suspension gives too tenuous a deposit to be easily read. The concentration 
recommended by Salk (1944) (a final concentration of 0-125 p.c) is about the 
practical limit. 


2. Equilibrium should be reached in so short a time that it becomes immaterial in 


what order the reagents are mixed. 


For this object the standard virus concentration added to falling serum dilu- 
tions (in the conventional set up for antibody titration) should be as high as is 
consistent with obtaining a clear end point within the range of serum dilutions 


| 
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used. When a very dilute virus is used, e.g., the single agglutinating dose pre- 
seribed by Salk, a true equilibrium value will not be reached particularly when 
the serum dilutions are made in the red cell suspension and the virus dilution 
subsequently added. We should. therefore, prefer to modify their method by using 
10 times the concentration of virus. If for any reason very small amounts of anti- 
body require to be measured the virus concentration adopted may be reduced but 
a sufficient time of contact between the reagents must be allowed before the red 
cells are added. 


SecTIOn IV. 


THE ACTION OF HUMAN TEARS ON INFLUENZA VIRUS 
by F. M. BURNET anp W. I. B. BEVERIDGE 


The observations to be reported arose in the course of an attempt to examine 
the virus-inactivating power of human nasal secretion by using the Hirst aggluti- 
nation technique instead of the chorioallantoic inoculation methods used by Bur- 
net, Lush and Jackson (1939). It was found that a considerable degree of apparent 
inactivation occurred when secretion was mixed with any of our stock influenza 
virus strains. This inactivation was of a much higher order than we had ever 
observed with in vivo methods. With the technique of inserting a plug of 
gauze into the nostrils there is a good deal of reflex lacrimation at least in some 
subjects, and since the tears drain into the nose and are collected in the plug, 
tears were examined separately for their inhibitory effect. The tears were col- 
lected by a technique previously devised by Beveridge in connection with research 
on a disease of the conjunctiva in sheep (Beveridge, 1942) and were found to be 
highly inhibitory. This note is concerned with a study of this inhibitory effect. 
It remains to be determined what part, if any, is played by the inhibitory sub- 
stance in the natural history of influenza and other virus infections of the re- 
spiratory mucous membranes. 


MATERIALS AND METHODS. 


Virus strains. The standard strains ‘‘ Melbourne’’ and W.S. and a recently isolated A strain 
BEL (of ‘‘ Melbourne’’ subtype) were those chiefly used. In several experiments it was necessary 
to have a strain which was active both on the chorioallantois and in agglutinating red cells. The 
strain W.S. (Egg) was the only one suitable for this since our ‘‘ Melbourne’’ (Egg) strain has 
a very atypical haemagglutinating activity (Burnet, 1944). The O and D phases of strain BEL 
have been fully described previously (Burnet and Bull, 1943). All these strains were used in the 
form of allantoic fluid except where otherwise stated. 

Tears. Pooled human tears were normally used. The fluid was collected from the outer 
canthus with a round tipped capillary pipette and teat, the head being turned so that the outer 
canthus was vertically beneath the inner canthus. In some subjects the irritation of the pipette 
end was sufficient to provoke lacrimation; in other additional stimulus was given by exposing the 
conjunctiva to dilute chloracetophenone vapour (tear gas, C.A.P.). The pooled fluid was 
sterilized by heating to 56° C. for 30 minutes and retained its activity well in the refrigerator for 
some weeks. 

Haemagglutination tests. These followed the method generally used in this laboratory. The 
virus was titrated in twofold series dilutions and a concentration five times that of the end point 
dilution used as the test dilution in inhibition tests with tears or serum. With tears the normal 
procedure was to prepare doubling dilutions from 1: 10 onwards, to add an equal volume of test 
dilution of virus and leave in the refrigerator overnight. On the following morning a third 
volume of 2 p.c. fowl red cells in saline was added and readings made after 14 hours in the re- 
frigerator. In tests with both tears and serum the end point was taken as the dilution giving 2 
degree of partial agglutination given the conventional value of one plus (+). 

Chorioallantoic titrations were made by standard methods, the diluting fluid except where 
otherwise noted being 10 p.c. normal horse serum in saline. 


| 


HAEMAGGLUTINATION WITH VIRUSES 


EXPERIMENTAL RESULTS. 


General Character of the Inhibition of Virus Haemagglutination by Tears. 


The general character of the inhibition can be shown by protocols of two experiments with 
the strain ‘‘Melbourne (Mouse)’’. In the first experiment (Table 8) a parallel titration of 
pooled human tears and of a high titre homologous immune serum is shown. The mixtures of 
tears or serum dilutions with virus diluted 1: 40 were left in the refrigerator overnight and fowl 
red cells added in the morning. After the readings had been taken the trays were shaken and 
placed in an incubator at 35° C. for 1 hour. The degree of agglutination was again read with the 
results shown in the second line of the Table. The reduction in apparent titre of tears by sub- 
sequent exposure to incubator temperature is invariably shown and contrasts sharply with the 
slight increase in titre of an immune serum which is an equally constant phenomenon. 


TABLE 8. 
Comparative inhibition of ‘‘ Melbourne’’ by tears and immune serum. 


Dilutions of tears. 
10 80 160 320 640 1,280 2,560 5,120 10,240 Titre. 


20hrs. 4°C. - _ + ++ ++ 2,560 
— — — — + $+ +4 44+ 320 


Dilutions of immune serum. 
100 400 800 1,600 3,200 6,400 Nil Titre. 


20hrs. 4° C. - + ++ ++ ++ 1,600 
+ hr. 35°C. ~ + ++ ++ ++ 2,400 


The second experiment was made to determine to what extent the results were influenced by 
the order in which the reagents were added. In an immune serum neutralization test with Hirst’s 
technique it is almost immaterial in what order serum, virus and red cells are added indicating 
that a characteristic equilibrium state of the system is rapidly attained. In Table 9 three identical 
series of tear dilutions plus test virus, plus fowl red cells are compared. In each two components 
were mixed and left two hours in the refrigerator, then the third component was added, the 
tubes well shaken and returned to the refrigerator for the cells to settle. After the readings 
had been made the tubes were re-shaken and placed in the incubator. The final readings with 
each series then showed an end point in the range of tear dilutions 120 to 240. 


TABLE 9. 
Influence of order of adding reagents on inhibitory action of tears. 


Third Tear dilutions. 
Initial mixture. component. 30 480 960 1,920 3,840 Titre. 


T.+ V. R.B.C. + ++ 2,000 

T. + R.B.C. ¥, ++ 44+ 44+ 4+ 150 

V. + R.B.C. > +2 4¢+ ++ 180 
T= tears; V = virus (‘‘ Melbourne’’, 1: 40) ; R.B.C. = fowl red cells 2 p.c. 


After the readings had been made the tubes were reshaken and placed in the incubator. 


The final readings with each series then showed an end point in the range of tears dilutions 120 
to 240. 


These two experiments which are representative of many others of similar type show the 
general character of the phenomenon. The most interesting feature is the existence of a virtual 
equilibrium condition similar to that seen with immune serum inhibition despite the ability of 
tears when in contact with virus alone in the cold to inhibit far beyond the equilibrium level. 


Susceptibility of Different Influenza Virus Strains to Inhibition by Tears. 


Using the standard set up with test dilution of virus equal to five minimal agglutinating 
doses and contact between tears and virus for about 20 hours at + 4° C. figures were obtained 
with a representative series of viruses against one pool of tears( Table 10). 
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TABLE 10. 
Comparatwe inhibition of A and B influenza virus strains. 
Influenza virus strain. Test dilution. End point of inhibition by tears. 

‘*Melbourne’’ (mouse) 1: 40 1,280 
W.S. (mouse) 1: 40 640 

WSS. (egg) 1: 80 560 

B ‘‘Lee’’ 1: 70 150 

BEL (D) 1: 50 170 


The suggestion that old stock strains are more readily inactivated by tears than more recently 
isolated ones was followed up by a detailed examination of substrains of BEL representing 
various stages in amniotic and allantoic passage. These included two O strains (see Burnet and 
Bull, 1943) which were practically without action on fowl cells and had therefore to be tested 
with guinea-pig or human cells. All the other results shown were obtained with fowl cells 
(Table 11). In view of the wide deviation of the O strains from all the D strains, two D strains 
were examined precisely as the O strains were, i.e. using glycerolated amniotic fluid virus and 
human red cells. The same range of values, D strains 200 and 250 against O strains <10, 15, 
<20, was obtained. The significant findings are that O type (unadapted human) virus is 
hardly at all affected by tears and the early D type third passage is considerably less susceptible 
than the later passages. : 


TABLE 11. 
Type and passage. Allantoie passage. Amniotic passage. 

15 10 
D3 100 40 40 80 80 320 

D10 360 640 640 196 

D 20 320 512 

D 30 320 750 

D 40 240 380 480 480 


The titres shown are the dilutions at which pooled human tears inhibited agglutination by a 
standard dilution of the substrain of BEL of the passages shown. Tears-virus mixtures were 
kept overnight at 4° C. before the appropriate red cells were added. 


Neweastle disease virus tested by similar methods shows inhibition only with dilutions of 
1: 10 or less. The haemagglutination by vaccinia virus is also inhibited by tears from most 
persons. There is considerable individual variation from person to person (<10 to 160) ; this is 
not correlated with antibody level. 


Attempts to Demonstrate in Vivo Action of Tears. 


Experiments were carried out throughout with strain W.S. (Egg) so that the effect in vitro 
could be compared directly with any effect shown in chorioallantoic titrations. The first 
experiments were done in the cold, eggs being inoculated with mixtures of virus and tears that 
had stood in the refrigerator for some hours or overnight. Results were strikingly negative. In a 
typical experiment the results in Table 12 were obtained. 


TABLE 12. 
Absence of effect of tears when tested by chorioallantoic titration. 
Virus WS. 
dilution. + Tears 1: 5. + Saline. 
10> 181, 150, 120, 85, 50 (126) 140, 116, 100, 50 (110) 
107 24, 21, 10, 9 2 (15-1) 17, 13, 13, 12, 11 (18-5) 


Figures give focal counts with weighted mean in brackets. 


In order to see whether contact with tears increased the time needed for the virus par cles 
to initiate a lesion on the chorioallantois a similar experiment was carried out but in addition 
an excess of homologous immune serum was added two hours after the primary moculation. 
In this way the foci to appear represented only those particles which had already become intra- 
cellular within two hours. No significant difference between equivalent tears-virus and saline- 
virus mixtures was observed in two experiments by this technique (Table 13). When it is 
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recognized that with the same reagents a 1: 500 dilution of tears will inactivate the haemagglu- 
tinating power of virus diluted 1: 80 the failure of 1: 5 tears to affect limiting dilutions (1: 106) 
is striking. 
TABLE 13. 
Failure of tears to decrease rate of infection of chorioallantois. 
Immune serum 
Primary mixture. added after. Foeal counts. 

Saline + W.S. 10-* 2 hrs. 90, 54, 34, 21, 16, 9, 5 (29) 

Tears 1:5 + W.S. 10“ 2 hrs. 37, 33, 32, 29, 25, 7, 2 (23-5) 

Ww.s. 107 Nil 22, 22, 21, 19, 10 (19) 


Experiments in which virus and tears were kept in contact for five hours at 37° C. showed, 
however, limited but distinct inactivation of the virus. Virus suspended in saline or in phosphate 
saline is rapidly inactivated at 37° C. and to show the tears effect all dilutions must be made in a 
protective fluid such as 10 p.c. normal horse serum in saline. Two experiments showed that 
when high dilutions of virus were mixed with tears (at a final dilution of 1: 6) titration after 
5 hours at 37° C. indicated a reduction to about 10 p.c. of the original titre. There was no 
significant reduction in titre of virus dilutions held at 37° C. in horse serum saline without tears 
nor in mixtures with human tears kept at refrigerator temperature for 5 hours. 

A test carried out in mice showed no appreciable neutralization with tears. 


COMMENT. 


These inhibitory effects of human tears on haemagglutination by influenza 
virus may be related to the well known nonspecific inhibition by certain normal 
sera and to the inhibition by a component of normal allantoic fluid studied by 
Rawlinson (unpublished) in this laboratory. -The greater susceptibility of old 
laboratory strains as contrasted particularly with O phase (unadapted) virus is 
strongly suggestive of some real biological significance in the phenomenon. The 
action of lysozyme on nonpathogenic rather than on pathogenic cocci immediately 
comes in mind but no evidence has been obtained that lysozyme was the active 
agent in the inhibition. 

The virtual absence of any inactivating effect in vivo makes it difficult to 
believe that the agent in lacrimal secretion has any significance in protecting the 
conjunctival or nasal mucosa from infection with influenza virus but it would 
perhaps be wise not to exclude the possibility completely. 

A small number of experiments on members of the laboratory staff have shown 
that a mild conjunctivitis can be produced in most individuals by installation of 
a dron of influenza virus (BEL 40th amniotic passage). In three instances virus 
was recovered from tears taken 24 hours after infection. No effect was observed 
with heat-killed virus. One subject who showed no reaction with 40th passage 
virus was then given virus derived from the 3rd amniotic passage of the same 
strain BEL. The eye showed moderate conjunctivitis at 24 hours but no virus was 
isolated and the signs had disappeared by the next day. It was not found pos- 
sible to extend these experiments and beyond the demonstration that a mild in- 
fluenzal conjunctivitis can be induced without general symptoms no conclusions 
can be drawn. 


Section V. 


AGGLUTINATION OF PIGEON ERYTHROCYTES BY INFLUENZA VIRUS A 
IN THE O PHASE 


by F. M. BURNET anv J. MCEWIN 


There are certain disadvantages in the use of either guinea-pig or human 
cells for titrating the activity of O phase influenza virus. Both sediment more 
slowly than fowl erythrocytes requiring about twice the time to give a final read- 
ing. If neutralization tests with human serum are required only Group O human 
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cells are suitable and a considerable proportion of human sera agglutinate guinea- 
pig cells. 

As opportunity offers we have tested a variety of blood cells against the 
viruses in current use and have found that pigeon cells are readily agglutinable 
by both O and D phase influenza viruses. The O titres are approximately equal to 
those shown by guinea-pig cells and the cells sediment at almost the same rate as 
fowl cells, a matter of considerable convenience when tests are being made to de- 
termine the phase of virus in chick embryo fluids. 

The present brief investigation was made to ascertain the general characteris- 
ties of pigeon cell agglutination by influenza viruses and to determine whether 
it could replace guinea-pig red cell agglutination as a standard method with O 
virus material. Three individual birds have been used of mixed breed and no 
differences in the cell reactions have been observed. Blood can be obtained readily 
from the wing vein and the cells are washed and prepared as for fowl cells. 


EXPERIMENTAL RESULTS. 


Comparative Agglutinability of Pigeon and Guinea-pig Erythrocytes by Influenza Viruses. 


Direct titrations using a series of doubling dilutions were made of a representative range of 
O and D phase influenza virus fluids using fowl, guinea-pig and pigeon red cells. The titres shown 
in Table 14 represent the dilution of virus which when mixed with one equal volume of saline and 
one of 2 p.c. red cell suspension gives a standard (+) degree of partial agglutination. 


TABLE 14. 
Haemagglutinin titres of representative influenza virus materials. 


Haemagglutination titre with 
Strain. Type and phase. ; Guinea-pig. Pigeon RBC’S. 


BEL (1942) 80 
640 
320 
8 
100 
80 
80 
” 160 
W.S. (1933) 320 
Lee (1940) 40 
Swine 15 40 
N.D.V. 35 


Melb. (1935) 
Melb. Egg (1935) 
Holmes (1943) 


Row (1942) 


Se 


A 
A 
A 
A 
A 
A 
A 
A 
A 
B 


There are no significant discrepancies amongst the 3 O strains in the Table between pigeon 
cell and guinea-pig titres. Parallel titrations of numerous BEL O materials, either amniotic 
fluid or lung emulsion, showed the same essential identity of guinea-pig and pigeon cell titres. 
There are some differences in the titres given by stock strains of W.S., Swine and Lee (B), 
guinea-pig cells having the advantage in the first two, pigeon cells with Lee. It is of interest that 
the strain ‘‘ Melbourne egg’’ which agglutinated guinea-pig cells much more strongly than fowl 
cells shows no agglutination of pigeon cells. This taken with other evidence recently reported 
_— 1944) would justify regarding this strain as belonging to a third phase distinct from 

and D. 


Absorption and Elution of O Virus from Pigeon Cells. 


Pigeon cells behave in typical fashion in regard to the absorption and subsequent elution of 
virus to which they are susceptible. Table 15 gives the essential data of an experiment in which 
O phase BEL virus in the form of an embryonic lung extract was used. The initial absorption 
mixtures contained 0-25 ml. of virus suspension, 0-25 ml. or 0-05 ml. of packed pigeon ery- 
throcytes and saline to bring the volume to 2:5 ml. The agglutination titre of the original virus 
was 1: 320 corresponding to 1: 32 for the initial absorption mixtures. The mixtures were left 
in the refrigerator overnight, centrifuged and the cells washed once in cold saline. They were 
then re-emulsified in 2-5 ml. of saline, and placed in a water bath at 37° C., samples of super- 
natant fluid being tested at 2, 4 and 6 hours. 


| 80 
640 
240 
<2 
80 
40 
100 
140 
160 
80 
15 
40 
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TABLE 15. 
Absorption and elution of O virus from pigeon cells. 


Haemagglutinin titres. 


+ 2 p.e. pigeon + 10 p.c. pigeon 
red blood cells. red blood cells. 
Original lung suspension 320 (32) 320 (32) 
Supernate after absorption 1-5 <1 
After 2 hours elution at 35° C. 8 <2 
After 4 hours elution at 35° C. 24 8 
After 6 hours elution at 35° C. 32 32 


The results conform to the pattern of elution experiments using fow! cells and stock labora- 
tory strains of virus. A rough test of the susceptibility of pigeon cells from which O virus had 
been eluted in this experiment showed that they were inagglutinable by BEL O and Melbourne 
D virus but still agglutinable by W.S. and Swine strains. Other experiments showed while the 
D strains Melbourne and GAT could be eluted from pigeon cells, strains W.S., Swine and Lee B 
left permanently unstable cells. In all respects therefore the behaviour of pigeon cells closely 
paralleled that of fowl cells. 


Use of Pigeon Cells in Serum Neutralization Tests with O Phase Virus. 


Using our standard procedure with 2 p.c. pigeon cells and a standard amount of virus 
equivalent to 5 agglutinating doses several pairs of sera from known cases of influenza A were 
tested against 3 different O strains. It was found that a considerable proportion of the sera 
agglutinated pigeon cells at dilutions of 1: 10 and 1: 20 but that this agglutination could be 
easily removed by preliminary absorption with pigeon cells. Table 16 gives representative 
— 3 pairs of serum, one from the 1942 epidemic and two from sporadic cases observed 
in 1943, 


TABLE 16. 
Serum neutralization tests with O and D phases of 3 strains of influenza 4 virus. 
O phase. D phase. 
Absorbed with 
Unabsorbed. pigeon cells. Unabsorbed. 
Sera. Virusstrain. Acute. Convalescent. Acute. Convalescent. Acute. Convalescent. 
cOL 1943 BEL 40 640 40 640 15 160 
ROW ? 240 15 240 <10 120 
HOLM ? 240 <10 240 12 50 
GRE 1943 BEL 740 1,600 40 >1,280 20 240 
ROW 740 960 40 800 10 80 
HOLM #40 960 40 960 15 70 
Mel, 1942 BEL ? 640 10 640 
ROW ! 320 <10 320 Not tested 
HOLM ? 960 20 640 


This sample is representative of a larger series of tests on 8 cases of influenza and on 7 sub- 
jects immunized by subeutaneous injection of killed vaccine prepared from the strain BEL. The 
O strains were satisfactory reagents to indicate the existence of an antibody rise but they showed 
no consistent difference amongst themselves or by comparison with the corresponding D phase 
strains. Neither could any systematic difference be detected between the serological response to 
natural infection and that to artificial immunization. 


COMMENT. 


Pigeon cells are satisfactory indicators of the presence of O virus and the 
greater rapidity with which results can be read is a definite practical advantage 
over guinea-pig or human cells. The experiments on absorption and elution and 
the results of serum neutralization tests indicate that in these respects there are 
only insignificant differences from the corresponding D strains. In particular 
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they confirm much other experience, partly published and partly unpublished, 
that only trivial immunological differences can be recognized between the O and D 
phases of a given strain. 


GENERAL SUMMARY 


With the virus of Newcastle disease it is possible to render the virus inactive 
by heat or formalin and retain haemagglutinating power. Seitz filtrates show a 
higher agglutinating power than that corresponding to the active virus present. 

Virus strains vary in the readiness with which fowl erythrocytes can be ren- 
dered resistant to their agglutinating power. Evidence is provided in support 
of the hypothesis that the cell receptors concerned vary in the firmness with 
which they are attached to the cell surface. 

The influenza virus-antibody reaction as studied by haemagglutination 
methods conforms to the general character of such reactions studied in vivo or on 
the chorioallantois. The most satisfactory method for carrying out serum neutrali- 
zation tests is discussed on this theoretical basis. 

Human tears have a striking inhibitory effect on haemagglutination by many 
D strains of influenza virus but have little or no effect in reducing infectivity. 
The haemagglutination by O phase virus is much less influenced by tears. 

Pigeon red cells provide a means of titrating O phase virus that has practical 
advantages over the use of guinea-pig or human cells. 
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In a previous paper (Christie, Atkins and Munch-Petersen, 1944) it was 
shown that group B streptococci, haemolytic and non-haemolytic, of human or 
animal origin produced an extracellular, filtrable, thermostable agent which lysed 
sheep or ox red cells in the presence of staphylococcus £ toxin. 

The agent was most easily detected when colonies of group B s’reptococci on 
sheep or ox blood-agar plates were within the neighbourhood of colonies of 8 toxin- 
producing staphylococci. Each of the latter was surrounded by a zone of dis- 
colouration caused by the 8 toxin (Bryce and Rountree, 1936). Where colonies 
of a streptococcus and a staphylococcus were sufficiently close, an area of lysis 
appeared between the two colonies and within the discoloured zone. 

Sixty-four strains of group B streptococci and 72 of other groups were exam- 
ined. 

The purpose of this paper is to report observations made in connection with 
the medium used in the tests and also the results obtained with a much larger num- 
ber of streptococci than was used in the original work. 


MATERIAL AND METHODS. 
Preparation of Staphylococcus B Toxin. 


The strain Staphylococcus, S32a, used originally by Bryce and Rountree, was grown in 
nutrient broth containing 0-1 p.c. agar for 3 days at 37° C. in an atmosphere of 80 p.c. carbon 
dioxide and 20 p.c. oxygen. The broth was then clarified by centrifugation, and further growth 
was inhibited by the addition of merthiolate in final concentration of 0-02 p.c. 

To estimate the strength of the toxin, serial doubling dilutions were prepared; 8 drops of 
each dilution were placed in small test-tubes and a drop of a 10 p.c. suspension in saline of 
washed sheep red cells added to each. After one hour’s incubation at 37° C. followed by 


refrigeration overnight at 4° C., the highest dilution with complete lysis was noted. This dilu- 
tion was found to be 1: 1,600. 


Titration of Staphylococcus B Anti-toxin of Serum. 


Serial doubling dilutions of the serum to be tested were prepared; 8 drops of each dilution 
were placed in small test-tubes and eight drops of a 1: 200 dilution of the 8 toxin added. The 
tubes were kept at 37° C. for one hour, after which one drop of a 10 p.c. suspension of washed 
sheep red cells was added to each. After a further hour at 37° C., the tubes were left at 4° C. 
overnight. The titre of the serum was taken as the highest dilution at which no lysis occurred. 


Test for the Lytic Phenomenon. 


Plates of nutrient agar containing 5 p.c. by volume of defibrinated sheep blood were pre- 
pared. A streak was made across the centre of each plate with a loopful of a culture of the 
staphylococcus (S32a). At an angle to this were streaked the strains of streptococci to be 
tested, care being taken to avoid contact with the staphylococci. 


, rk strains were tested on each plate. Readings were made after overnight incubation 
at 37° C, 
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Strains of Stretptococci Tested. 


Group A. 213 strains representing the 26 Griffith’s types, 13 local types (Keogh, Simmons 
and Wilson, 1941), and 27 untyped strains. 

Group B. 200 strains, viz., 80 of human origin (Simmons and Keogh, 1940) and 120 of 
bovine origin. 

Group C. 93 strains representing those described by Simmons and Keogh (1940) and also 
Griffith’s types 7, 20 and 21. 

Group D. 2 strains, obtained from Dr. R. Lancefield. 

Group E. 2 strains, obtained from Dr. R. Lancefield. 

Group G. 64 strains (Simmons and Keogh, 1940). 

Group H. 1 strain, obtained from Dr. R. Lancefield. 

Ungrouped. 20 strains, which might be classed as Str. dysgalactiae and Str. uberis on 
biochemical grounds, but not as group B. 


RESULTS. 


Preliminary efforts to prepare sheep blood-agar which would show zones of discolouration 
around colonies of staphylococci known to produce § toxin were not always successful. Altera- 
tions in the constituents of the basic medium did not correct the irregularity, which was finally 
found to lie in the nature of the sheep blood used. Some samples of sheep blood gave a medium 
which showed large zones of discolouration, others showed none at all and intermediate results 
between these two extremes were found. All blood samples gave satisfactory results if red cells 
only were used. The addition of serum from a ‘‘suitable’’ sheep to the red cells from an 
‘*unsuitable’’ sheep did not render the red cells unsuitable. 

The obvious assumption that ‘‘unsuitable’’ blood samples contained much § anti-toxin was 
confirmed when the sera of a number of sheep were tested for the presence of this anti-toxin. 
Defibrinated blood samples were collected from 41 sheep. A blood agar plate was prepared 
from each sample; a f toxin-producing staphylococcus was sown on the surface and the size 
of the characteristic darkened zone, if present, was noted. Serum from each sample was then 
tested by titration for § anti-toxin as described above. The blood samples giving a suitable 
\ medium contained little or no anti-toxin and the unsatisfactory blood samples were those with a 
\ high anti-toxin content. The highest titre obtained was 1: 64; 9 sera when tested undiluted 
' showed no anti-toxin. Only 11 of the 41 samples were considered satisfactory for preparation of 
media for this test. Four samples of blood taken at weekly intervals from a sheep with a high 
anti-toxin content had the same titre of 8 anti-toxin. All the 41 sheep tested appeared healthy 
and had no known history of staphylococcal infection. 

Samples of blood from 55 female cattle were similarly examined. Blood from only 19 of 
them was suitable for preparation of blood agar plates to detect 8 toxin production, and these 
corresponded with a low § anti-toxin content in the sera. Four of the sera, used undiluted, 
showed no anti-toxin detectable by the above technique. The highest titre obtained in the 
55 sera was 1: 8,200. This figure was given by serum from a cow in the 2nd lactation period 
having a staphylococcal infection in each of the four quarters of the udder. 

The series of tests with the strains of streptococci was therefore carried out on blood-agar 
to which had been added blood from sheep known to be suitable for the test. All of the 200 
strains belonging to group B gave a definitely positive reaction in the test for the lytic agent 
referred to above. The 80 strains of human origin were also tested on agar plates with suitable 
ox blood and gave a typical positive reaction. None of the 395 strains not of group B gave 
the reaction in a manner comparable with that given by group B strains. They were either 
frankly negative or showed a narrow zone of lysis which in every case was partial only; in no 
instance was there difficulty in distinguishing it from the group B reaction. 

There was no difference in degree of ability to produce the lytic agent shown by group B 
streptococci. All group B streptococci did so and non-group B streptococci either did not 
produce the agent or did so to a negligible degree. This complete parallelism, coupled with 
the fact that a strain of streptococcus either produced the agent strongly or not at all, suggested 
to us that the agent must be something as intimately connected with group B streptococci as the 
group B specific antigen but we were unable to obtain confirmation of this. 

Of the streptococcal groups A, B, C and G only members of group B produce intense brown- 
ing on horse blood agar containing 1 p.c. maltose (Simmons and Wilson, 1941). The charac- 
teristics of this reaction, however, do not suggest that it is caused by the same agent as that 
which produces the above-mentioned lysis. 
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SUMMARY. 


A total of 200 strains of streptococci belonging to group B all produced an 
agent which lysed sheep red cells in the presence of staphylococcus 8 toxin. 

A total of 395 strains of streptococci belonging to other groups did not produce 
this agent. Group A was represented by 213 strains, group C by 93, group D by 
2, group E by 2, group G by 64 strains and group H by one strain. The remain- 
ing 20 strains were of animal origin but not of group B. 

Sheep or ox blood for the preparation of blood agar to demonstrate production 
of 8 toxin by staphylococci must not contain too much £ anti-toxin. This also ap- 
plies to the sheep or ox blood to be used in the lytic test for group B streptococci. 
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THE INFLUENCE OF TEMPERATURE, HUMIDITY AND 
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An account is given in this paper of experiments on the rate of oviposition of 
the small strain of Calandra oryzae L. and Rhizopertha dominica Fab. at dif- 
ferent temperatures in grain of different moisture contents. The rate of oviposi- 
tion at any particular temperature and moisture is dependent on the density of 
insects in the grain (e.g. Park 1933, MacIuagen 1932). It is desirable therefore 
that this factor be kept constant at the different conditions, and that any un- 
favourable effects of density be maintained at a minimum. It is not known, how- 
ever, if the effect of density varies with temperature, and so an experiment was 
carried out with C. oryzae to determine whether a particular change in density 
had a different quantitative effect on oviposition at different temperatures, i.e. 
whether there was an interaction between temperature and density. The experi- 
ment was also designed to show whether the optimum temperature for oviposition 
varied with density. If there is an interaction between temperature and den- 
sity, then experiments carried out at different temperatures, but at the same 
density, would need to be interpreted with caution, since the effect of density 
could not be considered as remaining constant at the different temperatures. On 
a priori grounds an interaction between temperature and density would be ex- 
pected ; the frequency of contact of the insects is one of the means through which 
density acts (Crombie, 1942 et al.), and this is dependent on the speed of move- 
ment, which of course varies with temperature. 

Tsai and Chang (1935) measured the rate of oviposition of C. oryzae, but 
the influence of density was not taken into account, and it is not possible to 
make a fair comparison of results at different temperatures. 


I. THE INTERACTION OF TEMPERATURE AND DENSITY ON THE OVIPOSITION 
OF C. ORYZAE. 


The interaction between temperature and density and the optimum tempera- 
ture for oviposition in grain of 14 p.c. moisture content were determined in the 
following experiment. The number of eggs laid per week over the complete. life 
of the insect was determined at three temperatures (23° C., 25-5° C. and 29°C.) 
at the following three densities of insects per grains of wheat : 1 in 10, 1 in 50 
and 1 in 100. 

MacLagen and Dunn’s (1935) data show that at these densities the rate of 
egg laying of C. oryzae was not being severely reduced by a crowding effect. It 
was desired to provide the most favourable conditions possible for oviposition, 
and so the grain was changed at weekly intervals except during the first fort- 
night, when it was changed at half-weekly intervals. The eggs in the grain 
were counted by a method previously described (Birch, 1944). 


1 This work was carried out with the aid of a grant from the Federal research grant to the 
University of Adelaide. 
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The insects were obtained from laboratory cultures at 26° C. and were less than 24 hours 
old at the beginning of the experiment. Three replicates of two pairs were used for each treat- 
ment. Males were distinguished from females by the shorter and stouter rostrum. At the end 
of the experiment the genitalia were examined for verification of the original sex determination. 
Insects and grain were enclosed in glass tubes, the ends of which were covered with phosphor 
bronze gauze. These tubes were made in three sizes to hold 40, 200 and 400 grains corresponding 
to densities of 1 in 10, 1 in 50 and 1 in 100 respectively. It is important that the volume of the 
tubes vary with the density of the insects inside them, since volume as well as the number of 
grains per insect is a factor of density. This factor was not provided for in MacLagen and 
Dunn’s (1935) experiments in which the petri dishes used, though of different diameters, were 
of similar depths at different densities. Ideally, the oviposition cages should be spherical; the 
width of the tubing was chosen so that the cages approached the shape of a sphere as nearly as 
possible. The males in the experiment lived longer than the females, and so they were replaced 
as they died. The oviposition cages were kept in Fowler jars over a solution of sulphuric acid, 
which kept the atmosphere of the jar at 70 p.c. R.H; this is the relative humidity corresponding 
to an equilibrium moisture content of 14 p.c. in the variety of wheat (Seewari) used. The jars 
were kept at a temperature controlled to + 0-1° C. 

It became impracticable to examine all the grains at the density of 1 in 100; as a com- 
promise, three samples of 50 grains in each replicate were examined for eggs laid during the 
Ist, 2nd, 6th and 10th weeks. The data for 1, in 100, being incomplete, were not included in the 
analysis of variance. A total of about 45,000 grains were examined for eggs in the course of the 
experiment. 


Experimental Results. 


The weekly rate of oviposition during the life of the insect is shown in Fig. 1 A—E; the total 
number of eggs laid is shown in Table 1. An analysis of variance has been made of the com- 
plete weekly data up to the 13th week. As some females died from the 13th week onwards, it 
was not possible to include the remaining data in the analysis. The analysis of totals was made 
on the complete data. 

The analysis of variance of the weekly data was done on the transformed scale of 
log (x + 100)*. The main effects of temperature, density and time (weeks) were all significant 
at P=0-01. There was a highly significant interaction at P = 0-01 between temperature and 
density and between density and time. This means that density had proportionately a different 
effect at different temperatures, and the effect of density was dependent upon the age of the insect. 
There was also a significant interaction between temperature and time; this means that the 
influence of temperature was dependent upon the age of the insect. The second order interaction 
of temperature X density X time was also significant. 


TABLE 1. 


Showing the total number of eggs laid by Calandra oryzae in wheat of 14 p.c. moisture content 
at two different densities. 


Temp.°C. 1 insect per 10 grains. 1 insect per 50 grains. 
23-0 264 266 
25-5 265 384 
29-1 296 344 
32-3 197 — 
35-0 5 _ 


A difference of 27 is significant at P = 0-01. 


Figs. 1A and 1B show that the length of life and the time at which the maximum rate of 
egg-laying was reached did not vary much with temperature. The maximum rate was reached 
in most cases when the insects were from 1-2 weeks old. The rate of oviposition did not remain 
steady for any length of time except at 23°C. After the maximum was reached it dropped 
gradually until the females died. The average age at which the females died was 3 months; the 
figure for males was 2 months. 


* In measuring interaction one is interested in proportional differences so that the logarithmic 
scale is the appropriate one to use, and at the same time the variances are equalized. Using a 
simple log transformation, however, it was found that although the variances were equalized, the 
geometric means in several instances differed considerably from the arithmetic means, thereby 
giving misleading results. This was due to the inclusion of small and large values in the estima- 
tion of the means. When transferred to log (x + 100), however, the geometric means — 100 
were of practically the same value as the original arithmetic means, 
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Fig. 1. Showing the rate of oviposition of Calandya oryzae at different temperatures and 
at two densities. Each point represents the average of six females. During the first two weeks 
the eggs were counted at half-week intervals but the rate is expressed as number of eggs per week. 
Significant differences on the original scale as plotted vary with the magnitude of the values 
being compared, but on an average a difference of 10 is significant at P = 0-01, and a difference 
of 6 is significant at P = 0-05. 


The particular effects of temperature and density are discussed below in relation to the 
value of significant differences at P = 0-01 (see Fig. 1). 


Density. 


At 23° C. (Fig. 1C) there was no significant difference in the rate of oviposition at densities 
of 1 in 10 and 1 in 50, except during the last four weeks of life. There was no significant differ- 
ence in the total number of eggs laid (Table 1). The number of eggs laid at a density of 
1 in 100 at the end of the Ist, 2nd, 5th and 10th weeks was not different from the number laid at 
the corresponding periods at the lower densities. 

At 25-5° C. (Fig. 1D) there was no significant difference in the rate of oviposition at 
densities of 1 in 10 and 1 in 50 until the 8th week, except at the end of the first week, when the 
maximum rate reached at 1 in 50 was higher. From the 8th week onwards the rate at 1 in 10 fell 
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off significantly from that at 1 in 50 and by the end of the 14th week egg-laying had ceased 
at1in10. The insects at 1 in 50 continued laying eggs at a higher level from the 8th week until 
the end of the 16th week. The total number of eggs laid at 1 in 50 was greater than the total 
at1in10. The rates of egg-laying at the four periods measured at 1 in 100 (1st, 2nd, 5th and 
10th weeks) were greater than the rates at higher densities (cf. Fig. 1B). 

At 29-1°C. (Fig. 1E) there were irregular fluctuations in the rate of oviposition at the 
two densities 1 in 10 and 1 in 50 at a similarly high level until the 8th week. After the 8th week 
the rate at 1 in 10 fell significantly below that at 1 in 50. The total number of eggs laid at 
1 in 50 was greater than the total at 1 in 10. There was no difference in the four figures available 
for comparison at 1 in 100 with those at higher densities. 


Temperature. 


At a density of 1 in 10 (Fig. 1A) the rates of oviposition at 25-5° C. and 29-1° GO. were 
significantly greater than that at 23° C., but were not significantly different from each other 
over most of the life of the insects. The maximum rate was reached at 29-1° C. and at this 
temperature the total number of eggs laid was at a maximum. The rates of oviposition at 
32-3° C. and 35°C. are also shown in Fig. 1. These were not included in the analysis of 
variance, but it is obvious that the rate at 323° C. is much less than that at 29-1° C. over the 
total life of the insect ; the total number of eggs laid at 32-3° C. is also less. At 35° C. only 5 eggs 
were laid per female. 

At a density of 1 in 50 (Fig. 1B) the rate of egg-laying at 25°5° C. and 29-1° C. was 
significantly greater than at 23°C. over most of the life of the insects. Although a higher 
maximum rate was reached at 29-1° C., the rate at 25-5° C. was higher for the month after the 
maximum was reached and from the 9th week onwards. The total number of eggs laid at 
25-5° C. was also greater than at 29-1°C. 

In summing up, it can be said that the main effect of lower density was to 
increase the rate of oviposition after the first eight weeks, and to increase the 
total number of eggs laid. This effect was not significant at 23° C. At a density 
of 1 in 10 the rate of oviposition at 25-5° C. and 29-1° C. was not significantly dif- 
ferent over most of the life of the insects, but more eggs were laid at 29-1° C. Ata 
density of 1 in 50, on the other hand, the rate of oviposition was highest over most 
of the life of the insects at 25-5° C.; the maximum rate was reached at 29-1° C. but 
the total number of eggs laid was greater at 25-5° C. The results indicate that 
the potentiality for egg-laying is greatest at 25-5° C., and the effect of reduced 
density is greatest at this temperature. The interaction between temperature, 
density and the age of the insect is clearly complex. For this reason it would 
not be sufficient to make any generalization from a comparison of oviposition at 
different temperatures or different densities for any one short period of the insect’s 
life. MacLagen and Dunn (1935) compared the oviposition of C. oryzae at different 
densities over a 5-day period only; the data in the present paper show that the 
relationship varies according to the 5-day period chosen. With other insects this 
criticism may not apply; Triboliwm confusum, for example, has a much longer 
oviposition period, and the rate of egg-laying remains constant for longer periods 
(ef. Dick, 1937). Some workers have used females specially selected for unifor- 
mity of egg-laying behaviour over short periods (e.g. Crombie, 1942). Such work 
is of value in determining the ways in which density operates, but it does not of 
course measure the total behaviour of a representative sample of an insect popu- 
lation in which there is an interaction between density and other factors. 


lI. THE LIMITING TEMPERATURES AND MOISTURE CONTENT OF GRAIN FOR 
OVIPOSITION OF C. ORYZAE. 


The total number of eggs laid was determined at various temper ‘ures between 13° C. and 
35° C. in wheat of moisture contents varying from 9 p.c. to 20 p.c.2_ ‘she particular combinations 
ef temperature and moisture content were selected in relation to a knowledge of the survival of 
the immature stages (Birch, 1945). Two replicates of tcn pairs of insects at a density of one 
insect in 10 grains were used for each treatment; grain was changed at weekly intervals and the 
eggs counted as previously described. 


2 Moisture content is expressed as a percentage of the wet weight. 
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TABLE 2. 


Showing the influence of temperature and the moisture content of the grain on the total number 
of eggs per female laid by Calandra oryzae. 


P.c. moisture content of wheat. 


Temp. °C. 9°5 10 10-5 11 12 14 20 
13-0 o* o* 
15-2 0 1/week 1/week 
18-2 0 4 21 4/week 4/week 
23-0 0 6 — —— 80 266 307 
0 11 16 72 384 
29-1 0 12 10 66 75 344 360 
32-3 197 
33-5 0 20 27 — 
35-0 5 


* All insects alive after 1 month. A significant difference cannot be given owing to the 
inequality of variances. Most of the differences are so large that a figure is hardly necessary. 


No eggs were laid at 13° C. or at temperatures higher than 35° C. The num- 
ber of eggs laid in grain of 20 p.c. m.c is slightly greater than the number laid 
in grain of 14 p.c. m.c., despite the development of mould on grain of 20 p.c. m.c. 
There is not much difference between the number of eggs laid at these moisture 
contents than at 14 p.c. Very few eggs were laid in grain drier than 11 p.c. m.c. 
The driest grain in which any eggs were laid had a moisture content of 10 p.c. 


III. THE OVIPOSITION OF R. DOMINICA. 


Technique. Insects used in the experiments were obtained from laboratory cultures kept at 
34° C. in wheat of 14 p.c. moisture content. At the beginning of the experiment all insects were 
less than 24 hours old. 

At temperatures lower than 30° C. the rate of oviposition was determined at a density of one 
insect per four grains; at higher temperatures the density was reduced to one insect per six 
grains. This was to overcome some of the interaction between temperature and density. Crombie 
(1942) showed that at 30° C. the fecundity of R. dominica was only reduced by crowding at 
densities less than one in four grains. Oviposition cages were made of two sizes to hold 40 and 
60 grains corresponding to the two densities, two replicates of 10 insects being used for each 
treatment. The cages consisted of glass tubes } inch in diameter closed at both ends with 
phosphor bronze gauze. They were kept at constant relative humidity over sulphuric acid in 
Fowler jars. It was not found possible to determine the sexes without injuring the insects, and 
so 10 insects were chosen at random, and the sexes determined at the end of the experiment. 
As a result, the number of females for each treatment was different, varying between 4 and 7. 

Preliminary experiments showed that the rate of oviposition on sound grain was about 
ith of the rate when the insects had damaged grains to feed on. For this reason, Crombie’s 
(1942) procedure of making two oblique scalpel cuts in each grain was followed in all the 
experiments. The grain was changed every two days at temperatures higher than 30° C. and 
every four days at temperatures lower than 30°C. More than 95 p.c. of the eggs were laid on 
the grain, generally in the scalpel cuts or under the loose testa covering the embryo. In the 
course of the experiment 45,000 grains were examined individually for eggs under a binocular 
microscope. The 17 combinations of temperature and moisture at which the experiments were 
carried out are shown in Table 1. The particular combinations were chosen with a knowledge of 
the survival of the immature stages at different combinations of temperature and moisture 
(Birch, 1945), the main object being to determine the lowest moisture content of wheat and the 
highest and lowest temperature at which sufficient eggs were laid to permit of a rate of multipli- 
cation exceeding unity. 


Experimental Results. 


The total eggs laid and the duration of the oviposition period are shown in Table 5. The 
greatest numbers were laid at 26° C. and 34°C. At 18° C. only 38 eggs were laid per female in 
grain of 14 p.c. m.ec. after four months had elapsed. 39° C. was the highest temperature at 
which eggs were laid, but at this temperature only two eggs were laid per female per week. The 
total at this temperature was not recorded. 
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TABLE 3. 


Showing the total number of eggs laid per female by Rhizopertia dominica at different 
temperatures in wheat of different moisture contents. 


Percentage moisture content. 
Temp. °C. 9 10 11 14 


18-3 57 (120) 38 + (130) 
22-0 132 (100) (110) 
26-0 45 (80) 273+ (150) 256 + (105) 
34-0 49 (80) 315 (90) 295 (90) _ 415\(112) 
36-0 160 (80) 172 (100) one po 
38-2 52 (46) 113 (40) 97 (40) 
40-0 0 


Figures in parenthesis show the number of days after which oviposition ceased. 
+ ve sign indicates that the experiment was terminated before oviposition had ceased. 
figures in parenthesis then give the duration of the experiment. 
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_ Fig. 2. Showing the influence of dryness on the rate of oviposition of Rhizopertha dominica 
at 34° C. 


The number of eggs laid in wheat of 11 p.c. m.c. was not less than the number 
laid in wheat of 14 p.c. m.c. The maintenance of a high oviposition rate in wheat 
drier than 11 p.c. is in striking contrast to the behaviour of C. oryzae. Even in 
wheat of 9 p.c. m.c. large numbers of eggs were still laid (26°-36° C.). Wheat of 
8 p.c. m.c. was the driest wheat in which eggs were laid. 

At temperatures of 34° C. and higher, and at all moisture contents except 8 
p.c., the rate of oviposition rose to a maximum within the first fortnight and then 
fell gradually (ef. Fig. 2). At all other conditions shown in Table 2 the rate of 
oviposition fluctuated widely about an average value for most of the life of the 
insect without reaching any one definite peak. 
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Most of the females survived several days after the oviposition period had 
finished. Males and females lived for a similar length of time except in wheat of 
9 p.c. and 8 p.c. m.¢., when the males died on the average a month earlier. 


SUMMARY. 


The rate of oviposition and the total number of eggs laid by the small strain of 
Calandra oryzae and Rhizopertha dominica were determined at different tempera- 
tures and at different densities and in grain of different moisture content. 

There was an interaction between temperature, density and time in their 
effects on the rate of oviposition of C. oryzae. The proportional effect of density 
was different at different temperatures and varied with the age of the insects. 
The effect of different temperatures also varied with the age of the insects. 

The maximum rate of egg-laying of C. oryzae was reached when the insects 
were one to two weeks old, depending on the temperature. The rate did not 
remain constant for any length of time except at 23° C. The average length of life 
of the female was three months and of the male two months. 

At a density of one insect per 10 grains, the rates of oviposition of C. oryzae 
at 25-5° C. and 29-1° C. were significantly greater than the rate at 23° C., but 
were not significantly different from each other over most of the insect’s life. A 
higher maximum rate and total was reached at 29-1° C. Ata density of one in 50 
a higher rate was reached over most of the insect’s life at 25-5° C. and the total 
was greatest at this temperature. The main effect of reduced density of insects per 
grain was to increase the rate of oviposition after the first eight weeks. The effect 
of reduced density was greatest at 25-5° C. at which temperature the greatest 
number of eggs was laid (384). The rate of oviposition and the total number of 
eggs laid was ldss than 32° C. than at 29-1° C. At 35° C. only 5 eggs were laid per 
female. No eggs were laid at 13° C.; at 15-2° C. one egg was laid per week. 

The lowest moisture content of wheat at which eggs were laid by C. oryzae. 
was 10 p.c., none being laid at 9-5 p.c. m.c. Fewer eggs were laid at 12 p.c. com- 
pared with grain of 14 p.c. m.c. There was not much difference in the number 
laid at 11 p.c. and 12 p.e. m.c. 

Experiments with R. dominica showed that eggs were not laid at tempera- 
tures higher than 39° C. The rate of oviposition at 18-3° C. was slow, only 38 
eggs being laid in four months. The maximum number of eggs (415) was laid at 
34° C. in grain of 14 p.c. moisture content. The rate of oviposition did not fall 
off markedly in dry wheat until the moisture content was below 9 p.c. Wheat of 
8 p.c. m.¢c. was the driest wheat in which eggs were laid. 
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It is well known that mice can be readily infected by exposure for a short 
period to a mist of influenza virus droplets (Edward, Elford and Laidlaw, 1943) 
and that the infectivity of the mist can be destroyed by low concentrations of 
certain vapours or aerosols, notably the glycols (Robertson, Loosli, Puck, Bigg 
and Miller, 1941) and hypochlorite solutions (Edward and Lidwell, 1943). We 
have found that iodine vapour is a very potent inactivating agent under such 
circumstances (Burnet, Holden and Stone, 1945). In addition to establishing 
the concentration of iodine required for inactivation of ‘‘wet’’ and ‘‘dry’’ virus 
mists, we have made comparative studies of the action of the three halogens, chlo- 
rine, bromine and iodine in inactivating the virus in vitro. In this section of the 
work haemagglutinin tests have been shown to provide a measure of activity that 
runs parallel with that determined by infectivity tests in chick embryos. 

The first crude preliminary experiments on the action of iodine vapour were 
carried out in two 60 litre bins into which virus mist could be passed. By merely 
suspending an open-mouthed bottle containing a gram or two of iodine crystals in 
one bin for 5 minutes, mice were found to be protected against infection which 
produced extensive lesions in mice exposed in the untreated bin. The protective 
effect was shown to be associated only with the period of actual exposure. Mice 
kept in an iodine-containing atmosphere for a week before or after exposure showed 
no significant difference in the extent of their lesions from control animals. 

Perhaps the most striking of the early experiments was the demonstration that 
mice could be protected completely merely by painting a little tincture of iodine 
on their snouts several minutes before they were placed in the bin and exposed for 
10 minutes to a concentration of mist capable of producing heavy infection or 
death in control mice. 

Most of these experiments were made with the Melbourne strain of influenza 
A virus but other tests with the strains PR8, Lee (B) and Swine 15 showed these 
to be similarly susceptible to the inactivating effect of iodine vapour. 

In order to determine accurately the minimal concentration of iodine required 
for inactivation of the virus, a chamber was constructed in which standard amounts 
of virus mist could be exposed to known concentrations of iodine vapour, and the 
residual activity determined by the introduction of mice for a suitable period. 


TECHNIQUE. 


The virus strain used throughout was the mouse passage substrain of Melbourne A. Freshly 
prepared virus as infected allantoic fluid or concentrated by the method of Francis and Salk 
(1942) and having a titre by Salk’s test (Salk, 1944) of 10,000-20,000, was diluted 1: 10 in 
Ringer solution or in filtered human saliva. This 1:10 dilution was the source of the virus 
droplets produced by the atomizer. It was kept ¢hilled in an ice bath throughout the experiment. 


1 This work was carried out under a grant from the National Heulth and Medical Research 
Council, 
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The atomizer was of the ‘‘Atmozon’’ type described by Twort, Baker, Finn and Powell 
(1940). It was made for us in Melbourne and a test by Munitions Supply Laboratories of the 
range of droplet sizes produced, showed that at pressures of 10-30 Ib. per sq. inch the greater 
portion fell in the range 0-3-0-5 micron in diameter. In the present experiments it was found 
convenient to operate the atomizer by admitting air at a pressure of 15 Ib. from a storage cylinder. 

The reaction chamber, a dia- 
grammatie sketch of which is 
given in Fig. 1, consisted of a 
glass cylinder of 29 litre capa- 
city closed at the ends by two 
brass plates with rubber gaskets. 
The various inlets and outlets 
required were made in one or 
other of the end plates. Inlets 
for the mist and for compressed 
air for clearing the chamber were 
provided at one end, with a 
guarded pressure outlet at the 
other end. An electric fan en- 


2 
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Fig. 1. Diagram of mist apparatus. A. compressed air sured thorough mixing and agi- 
attachment. 1B. two-way tap. C. atomizer and flask con- tation of the contents. A one 
taining virus dilution. D. inlet for mist. E. inlet for inch hole closed with a rubber 
compressed air, F. fan. G. door. U. entrance for mice. bung served for introduction of 
1. glass phial containing iodine solution. J. glass fork. the mice and a small door for re- 
K. wateh glass. L. shelf. M. outlet to pressure equalizer. moval of the mice and cleaning 


purposes. After trying several 
ulternative methods of introducing iodine vapour it was found desirable to produce the vapour by 
evaporation of a specially purified methanol solution containing a known amount of iodine. For 
this purpose methanol was kept as a stock containing iodine in solution, so as to eliminate iodine- 
reacting impurities. Immediately prior to use, this solution was made alkaline and distilled. A 
weighed amount of iodine was dissolved in the freshly distilled methanol to give a concentration 
of approximately 2 mg. per ml. and this solution was titrated with N/200 sodium thiosulphate. 
Suitable dilutions in methanol were then prepared so that the amounts of iodine required for 
the mist tests were contained in 0°5 ml. of these solutions. All iodine solutions were freshly 
prepared each day and kept in glass stoppered bottles at 0° C. until required. 

The iodine solution was introduced into the mist chamber in a small glass-stoppered bottle 
supported on a fork (see Fig. 1) and spilled on to a watch glass when required. 

The general procedure of the mist experiments was as follows: The requisite amount of 
iodine solution was first placed in position, the fan was set in action and the chamber filled with 
virus mist by running the atomizer for two minutes. The iodine was then liberated and after 
a definite interval to allow its complete evaporation, six mice were introduced and exposed for 
10 minutes. Finally, the chamber was cleared with a stream of air and the mice removed. The 
fan was allowed to run throughout the experiment. 

In tests in which dried droplet nuclei were used as the infective particles, a 14 em. petri dish 
of freshly calcined calcium chloride was introduced after production of the mist and the humidity 
followed by means of a hair hygrometer. After ten minutes drying the relative humidity was 
reduced to 5-10 p.c. The iodine was then liberated and the mice introduced as before, the 
humidity remaining below 10 p.c. throughout this time. 

Mice were postmortemed at death or 7 days after exposure to the infective mist and the 
degree of lung consolidation estimated according to the conventional scale. 

Todine solutions for the in vitro work were prepared from a stock 0-1N iodine solution 
(13-5 gm. iodine, 24 gm. potassium iodide per litre) stored at 0°C. and checked by titration 
with standard thiosulphate at intervals. Chlorine and bromine solutions were prepared from 
fresh chlorine and bromine water titrated with potassium iodide and sodium thiosulphate im- 
mediately before use. 

Serial twofold dilutions of the halogens in 1 ml. quantities in half-ounce glass-stoppered 
bottles were made in Ringer solution or other diluent. For the haemagglutination tests equal 
volumes of a standard dilution (five agglutinating doses) of virus concentrate were then added 
and after an interval of 30 minutes at room temperature, 0-5 ml. of each mixture was tested 
for haemagglutinating activity with 0-25 ml. of 2 p.c. fow) erythrocytes. 

Haemagglutination readings were made according to the standard method of this laboratory 
(Burnet, Beveridge, Bull and Clark, 1942). In the egg infectivity tests, 1-0 ml. volumes of 
allantoic fluid virus diluted 1: 104 in Ringer solution or saliva were mixed with the halogen 
dilutions. After standing for 30 minutes at room temperature the mixtures were tested for egg 
infectivity by inoculation of 0-05 ml. samples into the allantoic cavity of 11 day chick embryos. 


———— of viable virus was determined by testing the allantoic fluid for haemagglutination 
at ays. 
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Details of the various diluting fluids were as follows: 
Ringer solution (a) NaCl, 8-00 gm.; KCl, 0-20 gm.; CaCl, 0-112 gm.; MgCl,6H,O, 
0-203 gm.; distilled water 1,000 ml. 

(b) Na,gHPO,42H.0, 6-68 gm.; KH.PO,, 3-37 gm.; distilled water 1,000 ml. Solutions 
(a) and (b) mixed together and filtered through a Seitz pad. Ca Saline: NaCl 9-0 gm., CaCl, 
0-24 gm. per litre. Saliva: Pooled human saliva was filtered through paper and then through 
a Seitz pad. 


EXPERIMENTAL. 


Action of Iodine Vapour on Virus Mists. 


The minimal concentration of iodine vapour required for inactivation of the virus mist was 
determined in an experiment in which iodine was introduced into the mist chamber in amounts 
varying from 1 to 60 ug. The virus was used in the form of infected allantoic fluid diluted 1: 10 
in Ringer solution. The infectivity of the iodine-treated mist is shown in Table 1 in terms of 
the lesions produced in mice following exposure for ten minutes. It will be seen that 12 wg. iodine 
giving a concentration of 0-04 part per million by volume (p.p.m.) caused considerable inactiva- 
tion of the virus, while 30 ug. effected complete destruction as determined by the criterion of mouse 
infectivity. Since one minute only was allowed for evaporation and mixing of the iodine before 
the mice were introduced, these results represent the immediate inactivating action of iodine on 
the virus. In the final control group, 1 ml. of methanol was introduced and shown to have no 
deleterious effect per se on ‘the virus mist. 


TABLE 1. 
Action of iodine on ‘* Melbourne’’ influenza A mist. 


(Allantoie fluid virus diluted in Ringer solution, temperature 24° C.) 


Parts per 

Iodine weight (ug.). —_ million. Lung lesions of mice. Average. 
Nil (preliminary control) — 47 3 3 3 2+ 2+ 3-0 
1 0-005 47 3 2 2 2 2 2-6 
3 0-01 3+ 3 2+ 2 2+ 2 2-7 
6 0-02 47 3 3 2+ 2+ 2+ 2-9 
12 0-04 1 1 1— 0 0 0 0-4 
30 0-10 0 0 0 0 0 0 0-0 
60 0-20 0 0 0 0 0 0 0-0 
Nil (final control) — 3+ 3 3 3 3 2 3-0 


47 Mouse died on seventh day with complete consolidation of lungs. 
3,2, 1 Represent diminishing degrees of consolidation. 


Using a preparation of virus concentrate diluted in human saliva similar results were 
obtained, namely that 30 ug. iodine produced complete inactivation of the mist while 10 yg. 
had no apparent effect (see Table 2). In this and subsequent experiments, unless otherwise 
stated, the mice were introduced 2 minutes after liberation of the iodine solution. 


TABLE 2. 
Action of iodine on ‘* Melbourne’’ influenza A mist. 


(Concentrated virus diluted in saliva, temperature 25-26° C.) 


Parts per 
Iodine weight (ug.). _— million. Lung lesions of mice. Average. 
10 0-03 46 3 3 2 2 1+ 2-6 
30 0-10 0 0 0 0 0 0 0-0 
100 0°33 0 0 0 0 0 0 0-0 
Nil (control) _— 47 3 3 2+ 2 2 2-7 


Having established that iodine vapour was active in minute concentrations against ‘‘wet’’ 
virus mist it was decided to test its activity against the dried droplet nuclei produced by de- 
hydration of virus mists. Preliminary experiments in which parallel batches of mice were ex- 
posed to the wet mist and to the dried particles produced by dehydration of such mists over 
enleium chloride, indicated that these dried droplet nuclei retain their infectivity for mice. 

Under these conditions, it was found that considerable concentrations of iodine, up to 


208 


JOYCE D. STONE anv F. M. BURNET 


1,200 ug. produced only partial immediate reduction of infectivity (see Table 3). Removal of 
the calcium chloride after drying of the virus mist and before liberation of the iodine showed that 
this decreased activity of iodine against dried particles was not due to any direct reaction with the 
caleium chloride preparation. 

TABLE 3. 


Immediate action of iodine on dried ‘‘ Mélbourne’’ influenza A virus. 
(Concentrated virus diluted in saliva, temperature 32° C.) 


Parts per : 
Todine weight (ug.). million. Lung lesions of mice. Average. 


Nil (preliminary control) — 3 3 2 2 2 1+ 2-3 
0 0-3 2+ 2 1+ 1 1 1— 1-5 
300 1-0 2+ 2 1+ 1— 1-— 0 1-2 
1,200 4-0 1 1 1 1 0 0 0-7 
Nil (final control, _ 3 2 2 2 1+ 2-1 


**wet’’ mist) 


To ascertain whether the iodine vapour was more effective if allowed a longer time for 
reaction with the dried virus, experiments were performed in which varying intervals were 
allowed to elapse between liberation of the iodine and introduction of the mice. In a control series 
of tests the infectivity of the ‘‘dried’’ mist after equivalent periods was determined. The 
results which are given in Table 4 indicated that 100 wg. iodine (0-3 p.p.m.) acting over periods 
of 10 to 60 minutes caused considerable destruction of the dried virus. However, during this 
time there was also some deterioration of the infectivity of the mist as indicated by the control 


series. 
TABLE 4. 


Effect of time on action of 0-3 p.p.m. iodine on dried ‘‘ Melbourne’’ influenza A virus. 


(Concentrated virus diluted in saliva, temperature 29-31° C.) 
Time allowed 


for iodine Lung lesions of mice. 

action. 0-3 p.p.m. iodine. Control without iodine. 

2 minutes 3 3 2+2 2 1+ Av.2:3 3+ 3 3 3 2+ 2 Av. 
10 minutes 1+1—1—0 0 0 0-4 
20 minutes 1+1+1 #1—1—0 0-8 3+ 2+ 2 2 2 1+ 2°25 
60 minutes 0-0 2 14+14+1 #1 «1- 1-25 


TABLE 5. 


Inactivation of ‘‘ Melbourne’’ virus haemagglutinin by iodine. 


Concentration of iodine (N). 


Ue 
Virus. Iodine diluent. + ao © 
Allantoic fluid 1: 60 Calcium saline — ++ +4+ +4 
14 day normal allantoic fluid1:50 — 44 44 
14 day normal allantoic fluid1:10 — 44+ 44 +4 +4 
9 day normal allantoic fluid1:10 — — +44 44 44 44 
” Saliva ++ ++ ++ +4+ 


The iodine solution shown was mixed with an equal volume of the virus standard dilution. 
+-+ Complete agglutination of fowl erythrocytes. — No agglutination. 


Action of Halogens in Vitro on Influenza Virus. 


Haemagglutination tests. Unlike most other virus-inactivating agents the halogens are 
capable of destroying in high dilution the haemagglutinating ability of influenza virus. As might 
be expected this reaction is readily inhibited by the presence of extraneous organic material such 
as is found in chick-embryo fluids or saliva. By titrating serial dilutions of iodine against a 
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fixed amount of virus it was found that the haemagglutinating activity of a standard dilution of 
Melbourne A concentrate was destroyed by an equal volume of iodine solution 1: 64,000 
(12-5 X 10°N, final concentration, 6 X 10° N) acting over a period of 30 minutes at room 
temperature (see Table 5). When allantoic fluid virus was used, iodine proved less effective. 
Similarly, by dilution of the iodine in normal allantoic fluid its activity against concentrated 
virus was reduced. This finding is in agreement with the report of Dunham and MacNeal 
(1944) that dilution of influenza virus in normal allantoic fluid protected it against inactivation 
by Lugol’s solution as determined by egg infectivity experiments. 

In the present tests human saliva was also found to inhibit the action of iodine on the 
haemagglutinin (Table 5). 

Limited investigations on two other adapted or ‘‘D’’ strains, Bel and Bon (B) and on the 
unadapted or ‘‘O’’ phase of Bel (using infected chick-embryo lung emulsion) have indicated that 
these show essentially similar behaviour in regard to inactivation by iodine. 

In order to determine whether this activity of iodine was a general property of the halogens 
haemagglutinin-inactivation tests were carried out with chlorine and bromine. Preliminary 
titrations showed that these possessed activity of the same order as iodine. Chlorine, bromine and 
iodine were then tested simultaneously over a range of equimolar concentrations commencing 
at the dilution 25 x 10°M. Tests were performed using both Ringer solution and calcium 
saline as diluting fluids for the halogens. The results which are given in Table 6, showed that the 
three halogens possess essentially similar activity in this respect, iodine appearing a little more 
active than the other two agents. Slightly higher endpoints were obtained when the halogens 
were diluted in calcium saline as compared with Ringer solution. 


TABLE 6. 

Action of halogens on ‘‘ Melbourne’’ virus haemagglutinin. 
(Temperature 22° C.) 

Concentration of halogen (N). 


Halogen. Diluent. 5X10°%. 2X10°%. 10%. 6x10°%. 3X 10. 
Bromine ” ” = _ + + + + + + 
Chlorine ” ” ++ ++ ++ 
Todine Ringer solution ++ ++ 
Bromine ” ” ++ ++ 
Chlorine ” ” ++ ++ +T 


The halogen solution shown was mixed with an equal volume of a standard dilution of virus 
(concentrate 1: 400). 


+-+ Complete agglutination of fowl erythrocytes. — No agglutination. 


TABLE 7. 
Action of halogens on the chick embryo infectivity of ‘‘Melbourne’’ virus. 
(Temperature 22° C.) 
Concentration of halogen (N). 


Halogen. Virus diluent. 16 X 107. 8X 4X 10°. 
Iodine Ringersolution £—————— 
+4++4+4+. 
+4++—.. 


Two experiments are combined. In each the halogen diluted in Ringer solution to the con- 
centration shown was mixed with an equal volume of virus diluted 10™ in Ringer solution or in 
saliva. 

+ Embryo fluids showed haemagglutination. — Fluids from living embryos no haemagglu- 
tination. . Dead embryos. 


Chick embryo infectivity tests. By this method also, a comparative titration of chlorine, 
bromine and iodine revealed similar activity of the three agents in equivalent concentrations 
(Table 7). As previously, iodine appeared approximately twice as active as did either chlorine 
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or bromine. The virus used in these experiments was shown by allantoic titration (Burnet and 
Beveridge, 1943) to have a titre of 108-8 infective doses per ml. so that the test amount repre- 
sented approximately 1,000 egg infective doses. 

In contrast with the haemagglutination tests the action of iodine on the infectivity of the 
virus was not altered significantly when the virus was diluted in saliva in place of Ringer solu- 
ion (Table 7). The results of the two experiments with saliva were more irregular than were 
those with the simple diluent. 


DISCUSSION. 


The chief interest of the present observations probably lies in the fact that 
quantitative data have been obtained by three different methods of the action of 
iodine (and in part of chlorine and bromine) on influenza virus. The work was 
primarily concerned with the possibilities of air sterilization and most of the ex- 
periments deal with the action of iodine vapour on virus in the form of air-borne 
droplets or droplet nuclei. Concurrent tests in vitro were made to determine the 
halogen concentrations necessary to inhibit haemagglutination by the virus and 
to destroy its infectivity for the allantoic cavity of chick embryos. 

The destructive action of the halogens on haemagglutinating activity is of 
special interest. As far as we are aware no systematic study of the action of 
chemical agents on the haemagglutinating activity of influenza viruses has been 
reported. Over the past two years considerable numbers of organic compounds 
of varied type have been tested in this laboratory with a view to finding sub- 
stances which would interfere with the union between virus and red cell. With 
the exception of the halogens the results to date have been wholly negative. As is 
well known certain substances, notably, formaldehyde, can destroy the infectivity 
of influenza virus without influencing its haemagglutinating ability, while on the 
other hand biological materials (such as certain normal sera, tears and allantoic 
fluids} may inhibit haemagglutination without destroying infectivity. 

The three halogens, chlorine, bromine and iodine, are the only substances we 
have encountered which at high dilutions can be shown to destroy both the haemag- 
giutinating power and the infectivity of the virus. A comparison of the results 
obtained in the two types of experiments (Tables 6 and 7) suggests that the two 
manifestations of virus activity are destroyed together. No suggestion can be 
made as to the nature of the action of the halogens on the virus. The effect is 
not common to all oxidizing agents since we have found hydrogen peroxide inactive 
even in concentrations as high as 1: 250. 

Whatever the nature of the action it is evident that the halogens in watery 
solution have a greater destructive effect on influenza virus than any other volatile 
substances that have been tested. 

The activity of an agent (vapour or aerosol) in sterilizing droplets of infee- 
tive material in air is by no means directly proportional to its activity in watery 
solution in vitro. The glycols are extremely effective air-sterilizing agents at suit- 
able humidities but have no action in vitro until extremely high concentrations 
are used (60-80 p.c.) (Robertson, 1943). 

A priori one would expect that the effectiveness of the halogens as air-steriliz- 
ing agents against influenza virus would be governed by : 


1. Their demonstrable inactivating efteet in vitro, 

2. Their water/air partition coefficients and 

3. The concentration in the droplets of any other organic material capable 
of reacting with the halogen. 


If we assume that the three halogens are approximately equal in their activity 
in vitro against the virus and that they are similarly affected by associated or- 
ganic matter, the relative effectiveness of the three vapours against influenza virus 
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mist may be considered as proportional to the water/air partition coefficients of 
the three elements. The ratio of these coefficients would represent the solubilities 
cf the three vapours in the mist droplets for an equal general concentration in 
the air. 

Water/air partition coefficients for the halogens have been obtained as fellows. By defini- 
tion the absorption coefficient of a gas is given by the number of volumes which would be absorbed 
when the pure gas saturated with water vapour is in contact with one volume of water at the 
temperature required and at a total pressure (gas plus water vapour) of 760 mm. Hg. It may 
be considered therefore as representing the water/air partition coefficient of that gas. Values 
tor the absorption coefficients of chlorine and bromine vapour are 2-07 and 17-7 respectively at 
24° C. (Landolt and Bornstein). In the case of iodine there is no experimental figure available 
but a hypothetical absorption coefficient of 83 may be derived by direct proportion from solu- 
bility and vapour pressure figures (solubility 0-034 gm. per 100 ml. of water, vapour pressure 
0-3 mm. Hg. at 25° C.—Landolt and Bérnstein). Hence the ratio of the water/air partition 
coefficients for chlorine, bromine and iodine is approximately 1 to 9 to 40. This would mean 
that for equal concentrations of chlorine or iodine in the air the concentration in the viras droplet 
would be 40 times stronger in the case of iodine than in the case of chlorine. 

However, at the low pressures of chlorine which would be involved in experiments of this 
type a significant amount of the gas may be hydrolysed to hydrochloric and hypochlorous acids. 
This would increase the amount of bactericidal chlorine present in the droplets above that expected 


trom Henry’s law and tend to reduce the 40 to 1 advantage which iodine possesses on the basis 
of partition coefficients. 


As far as the published figures for other substances (Henle and Zellat, 1941; 
Robertson, 1943; Edward and Lidwell, 1943) allow us to judge, iodine vapour is 
the most potent agent in inactivating influenza virus droplets that has vet been 
studied. Whether it has any place in the practical problem of preventing respira- 
tory infection remains to be determined. In the concentrations required the 
vapour is undetectable by smell and one could be confident that no toxie effect in 
normal people would be evident even with very prolonged exposure. Limitations 
of expense and availability plus the corrosive effect of the element on metal sur- 
faces would preclude its use as an air sterilizing agent on any general scale. One 
can imagine however, emergency circumstances in which it might be valuable par- 
ticularly under pandemic conditions. As a protection for doctors, nurses and 
others dealing with highly infectious patients (pandemic influenza and perhaps 
pneumonic plague or psittacosis) it should be relatively easy to design a gauze 
mask partially impregnated with iodine which should offer a greatly increased 
degree of protection to the wearer. 


SUMMARY. 


Minute concentrations of iodine vapour of the order of 0-1 p.p.m. by volume 
have heen found capable of destroying the infectivity of a mist of influenza virus 
droplets. 

When the virus mist was dehydrated in an atmosphere of R. H. below 10 p.e. 
it became more resistant to inactivation by iodine. A concentration of iodine of 
4 p.p.m. had no immediate action on the dried virus. Acting over longer periods, 
Q-% p.p.m iodine caused considerable inactivation. 

Iodine solutions in high dilution (final concentration 6 x 10°° N) destroyed 
the haemagglutinating capacity as well as the chick-embryo infectivity of in- 
fluenza virus. 

Comparative titrations of the action of chlorine, bromine and iodine on the 
haemagglutinating power and the chick-embryo infectivity of influenza virus have 
shown that the three halogens possess similar activity in equimolecular concentra- 
tions. 


The conditions governing the effectiveness of halogens as air-sterilizing agents 
are discussed, 
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Quantitative methods available for the estimation of phosphorus-containing 
compounds of plant materials are somewhat crude, and none has become generally 
acceptable. The physiological importance of these compounds is so great, how- 
ever, that use of the methods would seem to be justified, provided their limitations 
are recognized. 

In the ease of the nucleo proteins, the classical method used by Palladin 
(1896, and 1926, p. 183) and others is based on the supposition that the amount 
of these is nearly proportional to the amount of protein resistant to peptic diges- 
tion. Equally erude in principle are the more recent methods of Burgevin and 
Guyon (1933) and deTurk, Holbert and Howk (1933), in which nucleic acid is 
estimated as residual phosphorus after successive extractions with alcohol, acid- 
alcohol, and dilute hydrochloric acid. Huelin (1929) used the method of Robert- 
son (1929) for the determination of guanine, and hence of nucleo-cytoplasmic 
ratios in young wheat plants. When this method is used to give an index of nucleic 
acid content, it must be assumed that the purine is derived solely from the acid, 
and does not occur in the free state or otherwise combined in plant tissues. This 
difticulty led the writer to investigate the method of Javillier and Allaire (1931) 
for the estimation of nucleic acid in animal tissues, and applied by Javillier and 
Colin (1933) to its estimation in wheat germ and lentil powder. 


THE ESTIMATION. 
The Method of Javillier et al. (1931, 1983). 


Briefly stated, this method for the estimation of nucleic acid is as follows. The dry, finely- 
divided, and fat-free material is extracted by boiling with 12-5 p.c. sodium chloride solution in 
the presence of triacetin. From this extract, which contains practically all the organic and 
imorganic phosphorus in the material, nucleic acid is precipitated by the addition of dilute hydro- 
chloric acid. The precipitate is filtered off, washed and estimated as phosphorus. Triacetin was 
used to aid in the impregnation of the powder with solvent, and Javillier et al. found that ex- 
traction could be prolonged beyond the recommended period (30 minutes) without reducing the 
yield of nucleic acid. The conditions for precipitation are somewhat ill-defined, and this part of 
the method was examined in greatest detail by the writer. A modified procedure has since been 
applied to gramineous leaf-material from plants which varied greatly in age and in manurial treat- 
ment. The procedure will be stated in full, and will be followed by relevant experimental matter. 


The Modified Procedure. 


The leaf material used is dried rapidly at 80° C., and ground in a C and N mill. Sample 
weights ranged from 1 to 5 gm., and phosphatide phosphorus is removed by extraction for 
15 hours with absolute alcohol in Soxhlet extractors. 

The dried material is transferred to a glass mortar and ground to a paste with 2 ml. of 
triacetin and a minimal quantity of 12-5 p.ec. sodium chloride solution. The mixture is then 
quantitatively transferred to a 200 ml. Erlenmeyer flask with what remains of 75 ml. of salt 
solution. It is convenient to use a small Erlenmeyer flask, fitted as a wash bottle, to deliver this 
volume of the solvent. The mixture is brought to the boil over a naked gas flame, and kept boil- 
ing very gently for 30 minutes. Frothing may occur for a few minutes at the beginning of this 
period, but can be dissipated by shaking; both frothing and bumping tend tc be eliminated in the 
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presence of triacetin. To prevent loss of fine spray, a small, short-stemmed funnel should be 
seated in the neck of the flask; this also acts as a condenser and thus reduces loss of water 
vapour. The flasks are shaken at intervals during the extraction. 

When cool, the mixture is filtered through a medium speed filter paper (e.g. Whatman No. 40) 
in a small, glass Buchner-funnel. The residue and filter paper are then returned to the Erlen- 
meyer flask, re-extracted for the same period with 50 ml. of salt solution plus 2 ml. of triacetin, 
and filtered through the same funnel. A third and final extraction is made with 50 ml. of salt 
solution without triacetin. 

As it is desirable to keep the volume of extract as small as possible, the combined filtrates 
(approx. 175 ml.) plus washings are made to 200 ml. in a volumetric flask. This requires strict 
economy in washing and a small filter-flask should be used. The writer dispenses with washing 
the residues between extractions. 

In the writer’s experience the extracts varied in colour from pale yellow to that of a 
fairly strong infusion of tea. The extracts should be clear, but a slight turbidity may be caused 
by an excess of triacetin, especially with small samples. 

As will be shown later, the optimum hydrogen-ion concentration for precipitation of nucleic 
acid is in the vicinity of pH 1-0, and the volume of normal hydrochloric acid required to attain 
this concentration is best determined by potentiometric titration using a glass electrode system. 
Preliminary tests in a comparator and using methy] violet as indicator suggest that an indicator 
method might be practicable in default of the necessary equipment for potentiometric titration. 
Where duplicate samples are extracted, a composite aliquot (25 ml. A plus 25 ml. B) will give a 
sufficiently accurate titration value for each. With this procedure, it is convenient to take 150 ml. 
aliquots for the actual estimations. These aliquots should be placed in covered beakers in a 
refrigerator for an hour or more before the addition of the hydrochloric acid. The nucleic acid 
may not precipitate immediately, but will settle out on standing over-night in a refrigerator. 

Filtration is accomplished with small, medium-speed filter papers (7 em. Whatman No. 40) 
in long-stemmed, semi-capillary funnels, care being taken to maintain low temperatures through- 
out. To this end, the beakers and the vessel containing the washing fluid are stood in a shallow 
bath containing ice and water. Most of the supernatant liquid is decanted through the filter 
before the precipitate is disturbed, and the latter is transferred to the paper with a minimal 
quantity of a KCI-HCl buffer of pH 1-2.1 Finally, the precipitate is washed four or five times 
with this fluid. If filtration should become unduly slow, mild suction may be applied. 

The filter paper and precipitate are wet-ashed, and the nucleic-acid phosphorus determined 
by a suitable colorimetric method. The writer uses that of Zinzadze (1935) with a slight 
modification and a photoelectric colorimeter. 


EXPERIMENTAL. 


Unless otherwise stated, the leaf material used for these tests was from oats (Avena sativa, 
L.) and was cut when the second leaf had expanded fully. 


The Composition of the Precipitate. 


The bond between nucleic acid and protein in the nucleoproteins is apparently of a salt-like 
nature, and is readily broken by the addition of sodium chloride in high concentration. Further- 
more, the conditions of extraction are highly inimical to the dissolution of leaf proteins. These 
facts, together with the agreement of the pH for optimal yield of phosphorus in the precipitate 
with that of the isoelectric point of the nucleic acids (Levene and Bass, 1931, give this as less 
than pH 2) suggest that the precipitate is primarily composed of these acids. Indeed, the whole 
procedure is very similar to that of Clarke and Schryver (1917) for the extraction of nucleic 
acid from yeast. 

In Table 1, analyses for nitrogen and phosphorus in three preparations of nucleic acid may be 
eompared with each other and with the theoretical values for desoxyribose and ribose nucleic 
acids. The oat-leaf sample was prepared from 100 gm. of oven-dry material (regrowth of leaves 
after initial sampling) by the procedure described above, except that the precipitate was washed 
with 50 p.c. and then with absolute alcohol, after it had been washed with the KCI-HC1 buffer. 
The product was a grey amorphous powder and the yield approximately 1 gram. The other pre- 
parations would doubtless have been reprecipitated more than once and were white powders. 
For all preparations, the analyses are lower than the calculated figures and in the yeast and oat- 
= preparations the ratio of nitrogen to phosphorus is considerably in excess of the theoretical 
value. 

The oat-leaf preparation was Feulgen positive, but ribose nucleic acid may also have been 
present. 


1 To make 2 litres of this buffer, take 150 mi. N.HCl plus 3.71 gm. KCl and make to volume 
with distilled water. 
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TABLE 1. 

Nitrogen. Phosphorus. Ratio. 
Preparation. p.c. p.c. N/P. 

Desoxyribose nucleic acid 
Preparation from lamb’s thymus* 12-9 8-0 1-61 
Theoreticalt 17-9 10°6 1°69 

Ribose nucleic acid 

Yeast nucleic acid (B.D.H.) 13-5 7°3 1-85 
Theoreticalt 16-9 10-0 1-69 
Preparation from oat leaves 12-1 6-4 1-89 


* Kindly supplied by Miss M. C. Dawbarn of the Division of Biochemistry and General 
Nutrition, C.S.I.R., Adelaide. t From the formulae of Levene and Bass, 1931. 


The Use of Triacetin. 


Javillier and Allaire (1931) attributed certain low results to the difficulty of impregnating 
the dry powder with the solvent. They overcame the difficulty by treating the fat-free powder 
with triacetin, a water-soluble lipoid. Further beneficial effects noted by the writer are that 
hand grinding before, and filtration after extraction are facilitated, and that frothing and 
bumping during extraction are greatly reduced. 

Triacetin also has marked effects upon the pH of the extract and upon the yield of nucleic- 
acid phosphorus, as is shown in Table 2. When triacetin is used, the pH of the extract approxi- 
mates more closely to the isoelectric point of the major leaf proteins, and this may account 
indirectly for many of its observed effects. 


TABLE 2. 
The effect of the triacetin. 
First Second Composite 
Treatment. Extract. Extract. Extract. 
On the hydrogen ion concentration (in pH units) 
Without triacetin 6-02 6-19 
6-02 6-06 6-05 
With triacetin 4-94 4-38 
4-98 4-48 4-81 
On the yield of nucleic-acid phosphorus (p.c. dry wt.) 
Without triacetin 0-0789 0-0028 
0-0797 0-0042 0-083 
With triacetin 0-0866 0-0039 
0-0854 0-0044 0-090 


The Initial pH of the Extracting Fluid. 


Several methods of extraction of the nucleic acids are based on alkaline extracting media 
(see Levene, 1931), so it was deemed desirable to test a range of media whose pH was on the 
alkaline side of that of 12-5 p.c. sodium chloride solution. The media were prepared from 
12-5 p.e. sodium chloride in N/S5 ammonium acetate plus varying amounts of N ammonium 
hydroxide. The yields of nucleic-acid phosphorus decreased from 0-083 to 0-071 over the range 
of pH tested (6-6-9-5), and the final pH of the extracts ranged from 5-0 to 6-6. 


The Completeness of Extraction. 


Parallel samples were extracted three times each with 100 and 250 ml. lots of solvent, and with 
thorough washing after each extraction. Successive extracts were kept separate and made up 
to 200 and 500 ml. respectively. Composite aliquots (see Table 3) were then prepared so as to 
give comparable analyses throughout. All were made to a constant volume (150 ml.) before 
precipitation of the nucleic acid. 


216 R. F. WILLIAMS 


TABLE 3. 
The completeness of extraction of the volwme and solvent used. 
Extraction Made Composite Nucleic-acid Phosphorus 
Sample. volume. to aliquots*. p.c. dry wt. relative 

(20 ml. each of) (mean) (mean) 
1st -0715 87-8 

A 100 ml. 200 ml. lst + 2nd +0780 95-8 
Ist + 2nd + 3rd +0814 100 
(50 ml. each of) 
1st -0758 90°3 

B 250 ml. 500 ml. 1st + 2nd -0814 97-0 
Ist + 2nd + 3rd -0839 100 


* These were in duplicate, and all were made to 150 ml. with salt solution before precipitation. 


The data indicate that at least three successive extractions are desirable. The slight in- 
creases to be expected with further extraction would be offset to some extent by the dilution 
effect (vide infra) ; this also holds for the increase observed with an increase in volume of solvent 
per unit of material extracted. 


The Precipitation of the Nucleic Acid. 


Javillier and Colin (1933) formed the opinion that optimum precipitation of nucleic acid, 
oceurs at a definite pH which varies with the experimental material. They give results for wheat 
embryo on the effect of time of precipitation and of varying the amount of hydrochloric acid 
nudded. The amount of nucleic-acid phosphorus recovered after a precipitation period of 24 hours 
rose rapidly to a maximum with increasing hydrochloric acid, and then declined slowly. Shorter 
periods gave lower yields in all but the higher acid concentrates. 
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Fig. 1. The effect of time of standing during precipitation, and of dilution upon the 
estimated content of nucleic-acid phosphorus in leaves of Avena sativa L.: A at room 
temperature, and B in a refrigerator. 


The possibility that the precipitation was an isoelectric phenomenon led to tests in which the 
initial pH of precipitation was varied. Lolium subulatum, Vis, and Avena sativa, L. were used 
as sources of leaf material and, in the case of oats, both young and mature leaves were tested. 
Optimal precipitation occurred over the pH ranges 0-8-1-6, 0°7-1-2 and 1-2-1-8. This variation 
tended to support the opinion of Javillier, but a pH of 1-2 was subsequently used for trials not 
involving a pH range. 
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The effects of time of precipitation and of dilution of the extract upon the subsequent yield 
of nucleic-acid phosphorus are demonstrated in Fig. 1A. The fall with time was similar to 
that found by Javillier and Colin with their high acid concentrations; the dilution effect was 
also considerable, and will be discussed later. With reference to the fall with time, it was noted 
that the rate of fall between the 6th and 24th hours was much less than elsewhere. Since this 
period included the whole of one night, the observation led to the suggestion that the time effect 
might be temperature controlled. A partial repetition of the test, but with precipitation con- 
ducted in a refrigerator, confirmed this view to the extent that precipitation periods of 1-5, 6 and 
24 hours gave virtually constant yields of nucleic-acid phosphorus (see Fig. 1B). The dilution 
effect would seem to be independent of temperature. 
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Pig. 2. The effect of variation of the initial concentration of hydrogen ions upon the 
estimated content of nucleic-acid phosphorus in leaves of Avena sativa L, and of 
Pennisetum clandestinum, Hochst. In the former case, data for both high "and low 
temperatures of precipitation are shown. 


The need for the use of an ice bath during filtration has not been examined thoroughly, but 
in two or three cases tested during winter, small increments of nucleic-acid phosphorus were 
recorded when the bath was used. 

In view of the observed effect of temperature upon the stability of the precipitate, it was 
thought advisable to re-determine at low temperature (2-5° C.) the effect of the initial pH of pre- 
cipitation upon recovery. The results for Avena sativa L, and for Pennisetum clandestinum 
Hochst. are presented in Fig. 2. In the case of Avena a control series was maintained at 20-25° O. 
for the same period (approx. 18 hours). At the low temperature the forms of the curves are almost 
identical, and the more accurate data for Avena indicate that maximum yield occurs between 


218 R. F. WILLIAMS 


pH 0-8 and pH 1-2. Departures from the optimum, however, are not great over the pH range 
0-4 to 1-6. 

At the high temperature, the maximum yield was approximately 10 p.c. lower and occurred 
at pH 2-0: the yield fell off rapidly with increased acidity. These facts at once account for 
anomalous results of tests conducted on different occasions at room temperature. It is tenta- 
tively suggested that increased temperature favours the formation of the precipitate on the 
alkaline side of its isoelectric point, but that partial hydrolysis of the nucleic-acid molecule, with 
loss of phosphorus, can occur at and below pH 2 even at room temperatures. 


o10 Og B The Dilution Effect. 
— Evidence to the effect that 


--3 : mere dilution of the extract re- 
-3 7 sults in a decreased recovery of 
q nucleic-acid phosphorus has been 
iia presented in Fig. 1. This pheno- 
menon was examined over a 
wide range of nucleic-acid con- 
centration, commencing with an 
+90 extract containing more than 
- 2 mg. nucleic-acid phosphorus per 
100 ml. The recovery, expressed 
4 as a percentage of the mean 
values for the strongest solution, 
is plotted against the logarithm 
. j of the presumed concentration in 
010 020 040 060 10 20 40 60 100 Fig. 3. The relation may be 
MGM. NUCLEIC-ACID PHOSPHORUS PER 100 ML. slightly coneave to the x axis, 
but, over the range studied, each 
Fig. 3. The recovery of nucleic-acid phosphorus in rela- dilution resulted in a loss in yield 
tion to its concentration in A, an extract from Avena of from 3 to 4 per cent. ¥ 
sativa L and B, a solution of a preparation of nucleic acid This test was also conducted 
from Pennisetum clandestinum Hochst. with a nueleic-acid preparation 
from the leaves of Pennisetum 
clandestinum, Hochst., the preparation being re-dissolved in a small volume of salt solution plus 
a few drops of ammonium hydroxide. In this case each dilution resulted in the loss of less than 
2 p.ec. of the nucleic-acid phosphorus (see Fig. 3). This difference in response may well be 
associated with partial denaturation of the nucleic acid, but the phenomenon calls for more 
thorough investigation. 
Ultimately, it may be possible to correct for this loss with dilution; at present the error 
constitutes perhaps the most serious defect of the method. 


w 
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RECOVERY PER CENT. 


The Effect of Added Inorganic Phosphate. 

The extracts of leaf material here considered would contain relatively large quantities of 
inorganic and hexose-phosphates. It was found, however, that additions of inorganic phosphate 
such that the ratio of added phosphate to nucleic-acid phosphate present was of the order of 
25 did not increase yield of phosphorus in the precipitate2. When the ratio was 100, erratic in- 
crements were recorded, presumably because of inadequate washing of the precipitate. 

The question of possible contamination with other phosphorus-containing compounds calls 
for investigation, but this will not be possible without purified preparations of the phosphoric 
esters known to be present in plant tissues. 


SUMMARY. 


The method of Javillier e/ al., for the estimation of nucleic-acid phosphorus 
in biological materials has been investigated and modified in certain important 
details. 

Dry, finely-divided and fat-free material is extracted three times bv boiling 
with 12-5 p.e. sodium chloride solution in the presence of triacetin. Nucleic acid 
is precipitated from the extracts at low temperature (2-5° C.) and at pH 1-0 by 
the addition of appropriate quantities of hydrochlorie acid. As far as possible 


2 The evidence suggests that the actual ratio is not likely to exceed 25, except perhaps for 
plants grown with supra-optimal supplies of phosphate. 
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filtration is also conducted in the cold, and phosphorus contents of the precipitate 
are determined colorimetrically. 

Experimental data are presented concerning the composition of the precipi- 
tate, and by way of explanation of certain steps in the procedure. 

A loss in yield of from 3 to 4 p.c. results from each two-fold dilution of the 
extract. This error is a serious defect of the method, but a correction may be 
possible on the basis of fuller investigation. 

High concentrations of inorganic phosphate do not affect the yield of nucleic- 
acid phosphorus. 


Acknowledgments. The author desires to thank Dr. J. W. H. Lugg and Dr. C. S. Piper 
for several helpful suggestions. 
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(Accepted for publication 25th April, 1945.) 


The inactivating effect of potassium salicylate on solutions of pure tobacco 
mosaic virus protein has been described previously (Best, 1940a). Bawden and 
Pirie (1940) independently confirmed this action of salicylate and state that their 
results were in good agreement with the author’s. The present paper describes 
the results of a continuation of the author’s earlier work, with particular reference 
to the rate of inactivation of the virus. The half-life period of virus activity has 
been determined for a range of salicylate concentrations and used to calculate the 
time necessary to reduce an initially large population of virus particles to one 
active particle. 

EXPERIMENTAL METHODS. 
Source of Virus. 


Plants of Nicotiana tabacum var. Blue Pryor, raised in a glasshouse were artificially infected 
by rubbing on them a solution of pure tobacco mosaic virus (Marmor tabaci var. vulgar E.). 
Virus was extracted from the leaf juice and purified by the ‘‘standard’’ method previously 
described (Best, 1940b). Dried preparations of the virus used contained 16-6 p.c. N and 
0-5 p.e. P. 


Estimation of Active Virus. ° 


The Holmes-Samuel primary lesion method in a modified form (Best, 1937) was used to 
estimate concentrations of active virus, using Nicotiana glutinosa as the test plant. One half of 
each leaf was inoculated with the appropriate test solution and the other half with the correspond- 
ing control solution of known virus content. The number of replicates varied with the nature 
of the experiment and the number of plants available but was never less than 16 per treatment. 
The content of active virus in the test solution at any time was calculated from the ratio of the 
number of lesions produced by the test to the number of lesions produced by the control at the 
same time. Normally the average number of lesions for the controls was about 20 per half leaf. 


Setting up the Tests. 


Stock solutions of virus and salicylate were prepared at double the concentrations finally 
required and were mixed in equal proportions. The salicylate solution was prepared by titrating 
salicylic acid (A.R. grade) with a solution of KOH to pH 7. The stock virus solution in water 
contained 4 mg. virus per ml. and had a pH value of 7. The reaction tubes were placed in a 
water bath thermostatically controlled at 30-0°C.+ 0-1°C. The control tube was prepared 
by adding an equal volume of water to the virus solution. The initial concentration of active 
virus in all tubes was, therefore, 2 mg. per ml., a concentration of the same order as that in 
infected plants (Best, 1936a). 

After suitable time intervals aliquots were withdrawn and the reaction was stopped by a 
fifty-fold dilution with water. An aliquot from the control solution prepared in this way was 
further diluted with the usual composite buffer of pH 7 to give a final concentration of virus 
of 2X 10° gm. per ml. The test solutions were similarly diluted except where preliminary 
experiments had shown that less than 20 p.c. active virus was to be expected. In such cases the 
final dilution was arranged to give a concentration of active virus in the test inoculum more 
comparable with that of the control. This procedure enabled more accurate determinations of 
the low virus concentrations to be made by bringing the lesion count of the test inoculum nearer 
that of the control. The adjusted inocula were 2, 4, 8 or 10 (but never more than 10) times the 
concentration they would have been if no adjustment had been made. The concentration of 
salicylate in the inocula was normally less than 0-001 M and never greater than 0-01 M. 


1Glasshouse facilities and part of the cost of this investigation were supplied by the 
Council for Scientific and Industrial Research. 
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In experiments extending only over one day all the tubes were set up at the same time and 
aliquots were withdrawn at pre-determined times thereafter and inoculated onto plants after 
being diluted as described. When the longest times of contact in any experiment extended 
beyond one day the tests were put up separately at appropriate times and were all diluted at 
the same time. 

In all cases the amount of active virus remaining at any time is expressed as a percentage 
of the original amount. 


EXPERIMENTAL RESULTS. 
Loss of Infectivity. 
The rates of inactivation of the virus over a range of salicylate concentrations from 0-34 M 


to 1-0 M are set out in Table 1. At concentrations below 0-3 M the amount of inactivation was 
too small to be measurable by the methods used in the time allowed. 


TABLE 1. 
Showing the inactivating effect of potassiwm salicylate on tobacco mosaic virus at pII 7 at 30° C. 


Concentration of virus = 2 mg. per ml. 


Molarity Time of p.c. Molarity Time of p.c. 
of contact active of contact active 
salicylate. (minutes). virus. salicylate. (minutes). virus. 


1-0 0 100 
5 105 
31 52 
60 . 25 
0 
16 


(8 days) 


Note: The concentration of salicylate for the curve published in ‘‘ Nature’’ (Best, 1940a) 
was 0-7 M. Owing to an error in calculation this was recorded there as 1-0 M. 


Loss of Birefringence and Opalescence. 


Control solutions of 0-2 p.c. virus in water become birefringent when agitated and are 
strongly opalescent in daylight. The inactivation of the virus by salicylate was accompanied by 
loss of opalescence, stream double refraction and ability to form para-cerystals (see Table 2). 


Precipitation of Denatured Protein. 


At concentrations of salicylate below 0-3 M there was no measurable inactivation in 48 hours 
and no observable precipitation of denatured virus. Above 0-3M a measurable degree of in- 
activation took place and this inactivation was accompanied by a precipitation of amorphous, 
denatured, non-infective protein (Fig. 1). This behaviour is very different from that of other 
K salts (Best, 1940c). The amount of this precipitate was proportional to the extent of inactiva- 
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tion at concentrations of salicylate between 0-34 M and about 0-7 M. At concentrations higher 
than this the rate of inactivation still increased with increasing salicylate concentration but the 
amount of denatured protein precipitated decreased until at just above 1-0 M there was no pre- 
cipitation although the solution no longer showed anisotropy of flow and had lost all power to 
infect. However, when such a solution was diluted to lower the concentration of salicylate a pre- 
cipitate of denatured virus protein was obtained. 


TABLE 2. 


Illustrating changes in opalescence, anisotropy of flow, and precipitation of denatured virus 
protein, all of which run parallel with the loss of infectivity of tobacco mosaic virus in the 
presence of K salicylate. 48 hours contact at 30° C. and pH 7. 


Molarity of Anisotropyt Extent of precipitation 
K salicylate. Opalescence. of flow. of amorphous protein. 
1- 


Se 
+44 
+++4+4+4++ 
| 


* 


SCHED 


t Anisotropy of flow was estimated by observing the agitated solution between crossed 
polaroid screens. 


* A small amount of granular solid separated out after 48 hours but did not settle until 
some days later when tne amount had increased. 

In one experiment 75 ml. of 
2-16 M solution of K salicylate 
(adjusted to pH 7) were added 
to 75 ml. of an aqueous solution 
of the pure virus containing 
336 mg. of virus (on a dry 
weight basis). The resulting so- 
lution was held at 30° C. for 24 
hours and was water-clear and 
had lost all infectivity, aniso- 
tropy of flow and opalescence. 
It was diluted with water to 
bring the concentration of sali- 
eylate to 0-64 and the pre- 
cipitate obtained was collected 
-by centrifuging. After being 
washed at the centrifuge three 
times with distilled water if was 
extracted twice with absolute 
aleohol and dried first at 88° C, 
and finally over P.O;. The 
weight of denatured protein re- 
covered was 232 mg. or 69 p.c. 
of the original virus protein. 


Composition of Denatured Pro- 
tein Precipitate. 


On analysis the denatured pro- 
tein was found to contain no 
Fig. 1. Photomicrograph of denatured pro- phosphorus. The contents of C, 
tein precipitate produced by the action of K H, N and 8 were similar to that 
salicylate on tobacco mosaic virus at pH 7 and of the original virus, with H | 
30°C. (xX 365). slightly higher. 
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DISCUSSION, 


Examination of the data presented in Table 1 reveals the exponential character 
of the inactivation process for the first 95 p.c. or more of the virus inactivated. In 
Fig. 2 the logarithm of the percentage of active virus left at any time is plotted 
against the time. 

At each concentration the 
points fall on a straight line with- 
in the experimental error of the 
primary lesion method. On ae- 
count of the relatively high ex- 
perimental error of this biologi- 
cal method of estimating virus 
concentration, the value of the 
velocity constant obtained by 
averaging the point to point eal- 
culated values is not as satisfac- 
tory as the value obtained from 
the slope of the line of best fit, as 

, determined by inspection. The 
latter has been used throughout 
this work. The half-life period Fig. 2. Illustrating the rate of inactivation 
may be read directly from the of tobacco mosaic virus by K salicylate at pH 7 
curve relating log virus concen- and 30° C. 
tration with time, or preferably, 


LOG. RELATIVE CONC. ACTIVE viRUS 


PER CENT. ACTIVE VIRUS (L0G. scarce) 


TIME OF CONTACT (wouns) 


log 2. 
k 

The half-life period is a useful characteristic of the process and should pre 
sent a convenient method for comparing the effect of different concentrations of 
a particular substance, or of different substances at the same concentration, on the 
virus, and also a means of comparing the reaction or susceptibility of different 
viruses. The velocity constants and half life periods as determined from the slope 
of the curves are recorded in Table 3. 


may be calculated from the slope of this line (k), viz. ty= 


TABLE 3. 


Setting out @ comparison of half-life periods of tobacco mosaic virus in solutions of K i 

salicylate 
at various concentrations of the latter, and calculated values for the time required to reduce the 
concentration of active virus to one particle per millilitre (pH 7, 30° C.). 


Time taken to reduce 


Salicylate k X 102 Half-life 1 mg. virus to one 
(molarity ). from slope. (minutes). active particle (hours). 
1-0 3°33 9 6-5 
0-8 1-67 18 13 
0-68 0-57 53 38 
0-61 0-31 97 70 
0-54 0-18 165 119 
0-51 0-085 354 255 
0-34 (0-0064) (4,700) 3,384 


(141 days) 


From this Table it is seen that the time required for K salicylate to inactivate 
half the virus varies from 9 minutes at 1-0M salicylate to 354 minutes at 0-51M 
At 0-34M the rate of inactivation is too slow to enable accurate results for the re- 
action velocity to be determined over a 48-hour period. The line of best fit drawn 
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through the experimental points had a slope from which a half-life period of 4,700 
minutes was calculated. This can be regarded as an approximate figure only but 
it indicates the order of the difference in rate of inactivation due to differences in 
concentration of salicylate. An experimental value for an eight day contact at 
0-34M showed a 48 p.c. inactivation. 


‘*Complete’’ Inactwation. 


It is of some interest and importance to know whether the virus at any one 
salicylate concentration becomes completely inactivated, and if so the time re- 
quired to reach this state. As pointed out previously (Cooke and Best, 1941) 
complete inactivation in a mathematical sense would require infinite time in a 
truly exponential reaction in a system where sub-division could be carried on 
indefinitely. In the case of entities like virus particles any sub-division beyond a 
single particle is not possible without inactivation. 

If we know the number of particles we start with and the rate of inactivation it becomes 
possible to calculate the time required to reduce that number to any other selected number. If 
C, = initial number of virus particles and C,, = the number of particles at n times the half-life 
log C, — log C,, 6 X 1023 


log 2 . For 1 gm. of virus Cy = “Mol wi 


and for 1 mg. 


C, 
period then 2° = c. orn= 
a 


6 X 1020 
Mol. Wt. 
1 X 1013, From the above equation it is seen that to reduce this number of particles to one 
active particle would require 43-2 times the half-life period. For 1-0 M salicylate this works 
out at the astonishingly short time of 64 hours. Values calculated on the above basis for various 
concentrations of salicylate are entered in the last column of Table 3. The value used for the 
molecular weight of the virus is the commonly accepted one and in the author’s view represents 
an upper limit only. However, even if the molecular weight of the smallest infective unit were 
as low as 6 X 104 the corresponding time (for 1 mg. virus in 1-0 M salicylate) would be 53-1 
times the half-life period, or 8 hours. Similarly, 1 gm. of the virus of molecular weight 6 X 107 
would be reduced to 1 particle in 8 hours. In these calculations the laws of probability have 
been assumed to hold throughout, but if we base the calculation on a reduction to 100 or even 
1,000 particles the times would still be of the same order. When the last particle will be in- 
activated cannot be determined but a reasonable estimate would be to add the length of one 
half-life period to the time calculated for the reduction to one particle. 


= Using 6 X 10° as the molecular weight of the virus, Co (for 1 mg.) becomes 


The main conclusion arising from this analysis is that relatively short expo- 
sures are needed to inactivate the virus completely. Since it has been shown that 
a minimal infective unit consisting of many virus particles is necessary for in- 
fection (Best, 1936b) the times required for ‘‘ biological’’ inactivation (Cooke and 
Best, 1940) would be even shorter. 


Another interesting relationship is revealed when the concentration of salicylate is plotted 
against the logarithm of the half-life period (or against log k): the points for 0-8, 0-68, 0-61 
and 0-54 molar fall on a straight line. This relationship does not appear to hold at concentrations 
below 0-54. M. The points for 0-51 and 0-34 molar are off the curve, the experimental values 
for their half-life periods being longer than what would be expected if the straight line relation 
between concentration and log half-life held over the whole range of concentrations. The 1-0 M 
point is also off the line in the same direction but this could be accounted for because the rate 
of inactivation is so great at this concentration that the experimental error is unusually high 
during the early determinations. However, the 0-51 M and 0-34 M values lie off the curve by 
more than can be explained by experimental error unless changes in the degree of aggregation 
(or dissociation) of virus particles, caused by salicylate, render the primary lesion method 
inapplicable. The increase in the anisotropy of flow at 0-1M and 0-2M salicylate (Table 2) 
indicates a higher degree of aggregation of virus particles in these solutions than in the control. 


The disrupting effect of the salicylate on the virus and the solubility of the 
denatured protein at high concentrations of salicylate suggest a disaggregation at 
higher concentrations. To what extent such processes would affect the estimate of 
virus concentration cannot be determined without reference te an independent 
method for estimating active virus. 
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Numerous references to the effects of salicylates on proteins occur in the 
literature. As these have been very well summarized by Bawden and Pirie 
(1940) there is no need for further reference here. However, the mode of action of 
salicylates is little understood. Preliminary work with some other benzene de- 
rivatives has revealed that the half-life period of tobacco mosaic virus in ben- 
zoate is about eight times as long as in salicylate, and between 2 and 3 times as 
long in anthranilate as in benzoate. This work is being extended to a larger 
number of substituents and related compounds in the hope that some light 
will be thrown on the mechanisms involved. Such knowledge should then be 
of some value in the selection of the most efficient inactivants. 


SUMMARY. 


The rate of inactivation of tobacco mosaic virns by potassium salicylate at 
pH 7 and 30° C. was found to follow a logarithmic course at the following con- 
centrations of salicylate: 0-51, 0-54, 0-61, 0-68, 0-8 and 1-0 molar. At con- 
centrations of salicylate below 0-3M no inactivation could be detected in 48 
hours. 

Loss of birefringence of flow, of opalescence and of ability to form para- 
erystals ran parallel with loss of infectivity. 

Between 0-:3M and 1-0M salicylate the inactivation is accompanied by a pre- 
cipitation of denatured protein, the amount of such precipitate increasing to a 
maximum at about 0-65M and decreasing at higher concentrations until at 1-1M 
the denatured protein is completely soluble. Dilution of such a solution has 
resulted in the isolation of denatured protein equivalent to 69 p.c. (by weight) of 
the original virus. 

The denatured protein contains C, H, N and §S in amounts similar to the 
original virus but is devoid of phosphorus, the salicylate having split off the 
nucleic acid from the virus molecule. 

The half-life periods of the virus have been found to be 9, 18, 53, 97, 165 and 
354 minutes at 1-0, 0-8, 0-68, 0-61, 0-54 and 0-51 molar salicylate, respectively. 
The time of contact necessary to reduce 1 mg. of virus to one active particle has 
been calculated from the half-life periods and was found to be 63, 13, 38, 70, 119 
and 255 hours for the above concentrations of salicylate. 


REFERENCES. 


Bawden, F. C. and Pirie, N. W. (1940): Biochem. J., 34, p. 1278. 
Best, Rupert, J. (1936a): Austral. J. exp. Biol., 14, p. 1. 

Best, Rupert J. (1936b): Ibid., 14, p. 223. 

Best, Rupert J. (1937): Ibid., 15, p. 65. 

Best, Rupert J. (1940a): Nature, 145, p. 627. 

Best, Rupert J. (1940b): Austral. J. exp. Biol., 18, p. 401. 

Best, Rupert J. (1940c) : [bid., 18, p. 307. 

Cooke, Barbara and Best, Rupert J. (1941): Ibid., 19, p. 93. 


= 


THE TYROSINE AND TRYPTOPHANE CONTENTS OF SOME 
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In a recent publication Lugg and Clowes (1945) reported the tyrosine, tryp- 
tophane, cyst(e)ine and methionine contents of the whole proteins in a sample of 
Trifolium subterraneum seeds. They indicated that both the seeds and whole pro- 
tein preparations were in conformity with the rough generalization made by Lugg 
and Weller (1944) from work with seeds of other legumes, in being of low methio- 
nine content. Also the tyrosine and tryptophane contents reported for the whole 
protein in the embryos of ripe seeds of Lupinus luteus agreed with those given 
for the whole protein of embryos of ripe seeds of L. angustifolius (Lugg and 
Weller, 1941), in being of rather low tryptophane content. This led them to sug- 
gest that whole proteins of legume seeds might, on more extensive investigation, 
prove to be of rather low tryptophane content. 

The main purpose of this article is to report the tyrosine and tryptophane 
contents of the whole proteins of the embryos and complete seeds of several legumes. 
The work was intended to test the generalization suggested by Lugg and Clowes 
(1945), and at the same time to provide some indication of the influence of genus, 
species and ripeness of seeds on protein composition. 


EXPERIMENTAL. 
Preparations. 


The whole protein preparations used were those of the embryos of the unripe seeds of 
L. angustifolius, embryos of ripe seeds of L. pilosus var. Cosentini, and unripe and ripe seeds of 
Pisum sativum var. Greenfeast, described by Lugg and Weller (1944), who have reported the 
cyst(e)ine and methionine contents. The preparations will be referred to in this article by the 
characteristic labels assigned to them by Lugg and Weller (1944). 


Methods of Estimation—Results. 

The tyrosine and tryptophane contents of the preparations were estimated by Lugg’s method 
(1937, 1938) with observance of the precautions mentioned by Lugg and Weller (1941). The 
hydrolyses were performed with the alkali-stannite reagent. 

TABLE 1. 


Tyrosine and tryptophane contents of whole protein preparations. 


p.c. p.c. 
Preparation from p.c. N. tyrosine N. tryptophane N. 
L. angustifolius embryos (unripe) 9-86* 1-72 0-71 
L. angustifolius embryos (ripe) 9-01t 1-70t 0-62t 
L. pilosus embryos (ripe) 9-57* 1-60 0-61 
P. sativum seeds (unripe) 5+46* 1-58 0-72 
P. sativum seeds (ripe) 4-88* 1-82 0-80 


* From Lugg and Weller (1944). t+ Values previously reported (Lugg and Weller, 1941). 
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Difficulties were sometimes encountered with preparations of P. sativum. The stiff gels 
which they formed with the alkali-stannite reagent largely persisted throughout the hydrolysis 
period (30 hr. at a temperature of 100° C.). Later, during the ether extraction of the acidified 
hydrolysate there was a tendency for rather stable emulsion to form. Furthermore the ether- 
extracted, acidified hydrolysates, which normally clear, sometimes remained opalescent even after 
centrifuging at 2,000 X g. for 20 min. Finally, in the procedure designed to separate the 
tyrosine and tryptophane mercurials, the tryptophane mercurial often failed to flocculate com- 
pletely. The incidence of these difficulties appeared to be unpredictable. 

The tyrosine and tryptophane contents are recorded in Table 1 as percentages of the 
protein N occurring in the form of these amino-acids. The nitrogen contents of the prepara- 
tions have been taken from Lugg and Weller (1941, 1944). The values given for tyrosine and 
tryptophane are means of replicated estimations. For 1W, 3W, 5W and 6W respectively, the 
tyrosine values are believed to be in error by not more than 0-05, 0-03, 0-05 and 0-05; and the 
tryptophane values by not more than 0-08, 0-08, 0-03 and 0-05. 


DISOUSSION. 


The tyrosine and tryptophane contents are of the same order as those ob- 
tained by Lugg and Weller (1941) for the whole proteins of the embryos of ripe 
seeds of L. angusttfolius, namely 1-70 p.c. tyrosine N and 0-62 p.c. tryptophane 
N; and those obtained by Lugg and Clowes (1945) for the whole proteins of ripe 
seeds of Trifolium subterraneum and the whole proteins of the embryos of ripe 
seeds of L. luteus, namely, 1-56 and 1-41 p.c. tyrosine N, respectively, and 0-89 
and 0-61 p.c. tryptophane N, respectively. 

In relation to the magnitudes of the errors of estimation, thle composition 
differences are such as not to permit definite conclusions to be drawn in regard to 
variation of amino-acid composition with ripeness of seed on the one hand or 
species and genus on the other. However, in general, the data substantiate the 
suggestion made by Lugg and Clowes (1945) in that they supply additional evi- 
dence of the tendency for the whole proteins of legume seeds and embryos to be 
of rather low tryptophane and of moderate tyrosine content. 


The tryptophane requirements of the rat and the chick have been studied in some detail. 
Bauguess and Berg (1934) considered the normal tryptophane requirement for young rats to be 
0-2 p.c. of the diet. Rose (1937), using pure amino-acids, considered that rats and mice require 
0-2 p.c. tryptophane in the diet for normal growth. Totter and Berg (1939) have suggested 
that levels somewhat below 0-2 p.c. may be adequate for rats. On the other hand Grau and 
Almquist (1944), refuting the tentative conclusions drawn by Almquist and Mecchi (1941), 
consider that the chick requires 0-25 p.c. of 1(—) tryptophane in the diet for optimal growth. 

In the light of these considerations, Lugg and Clowes (1945) concluded that if legume seed 
proteins containing 0-6-0-9 p.c. tryptophane N were fed at relatively low levels of intake, they 
would probably provide insufficient tryptophane for optimal growth of these animals. 

Assuming that the protein is the only source of tryptophane, the pea seeds which yielded 
6W would have to be fed at a level of 70 p.c. in the diet, to provide 0-2 p.c. dietary tryptophane. 
Similarly, the L. pilosus embryos which yielded 3W would have to be fed at a level of 47 p.e. 
to provide a diet adequate in tryptophane. 

Sure (1921) concluded that the protein of peas (Vicia sativa) was not deficient in trypto- 
phane, confirming the work of McCollum, Simmonds and Parsons (1919). Carver, Bohren and 
Cook (1942), as the result of a study of the gross protein values of Alaska field peas (Pisum 
sativum) with chicks, suggested that they were deficient in one or more amino-acids. Almquist, 
Mecchi. Kratzer and Grau (1942), feeding chickens with heated soybean protein at a 20 p.e. 
level failed to demonstrate a tryptophane deficiency. Woods, Beeson and Bolin (1943) working 
with rats considered that Alaska field peas were deficient in methionine but otherwise relatively 
éomplete in the other known amino acids. Peterson, Lampman, Bolin and Stamburg (1944) 
working with chicks, compared Alaska field peas plus added methionine with a control diet at 
protein levels of 12 p.c. and 18 p.c. Although the control groups gave higher weight gain and 
percentage weight increase per day, their food consumptions were correspondingly higher. 


The evidence from such feeding trials with entire seed material, does not 
exclude the possibility, indicated by the amino-acid analyses, that the proteins 
themselves of some legume seeds may provide inadequate tryptophane when fed 
at low levels. The question arises whether, in some of these trial diets there may 


not have been an actual tryptophane deficiency, secondary in importance to the 
principal (methionine) deficiency. 
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SUMMARY. 


The tyrosine and tryptophane contents of the whole proteins from the em- 
bryos of unripe seeds of Lupinus angustlifolius, embryos of ripe seeds of L. pilosus 
sub. sp. Cosentini, and the ripe and unripe seeds of Piswm sativum var. Green- 
feast, have been estimated. 

The results are in conformity with those obtained by Lugg and Weller (1941), 
and Lugg and Clowes (1945) for the tyrosine and tryptophane contents of the 
whole proteins of the seeds of other legumes, in that they reveal moderate tyrosine 
and rather low tryptophane contents. They therefore further substantiate the 
suggestion, made by Lugg and Clowes (1945), that the tryptophane contents of 
the whole proteins of the seeds of legumes may be rather low. 

The significance of the results in the field of nutrition has been considered. 
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In various types of tissue injury an increase in the clotting time of blood 
occurs (Quick, 1936, Wilander, 1939, Eagle, Johnston and Ravdin, 1937). Howell 
(1925), considered that the anti-coagulant was heparine obtained from the liver. 
Jaques and Waters (1941) have shown that heparine is liberated in anaphylactic 
shock. In this paper we have shown that when diluted heparinized blood is per- 
fused through the pneumonic lung of the cat it acquires increased anticoagulant 
activity. 

METHOD. 


Under nembutal anaesthesia (85-7-100 mg. per kg.) blood was removed from the aorta of a 
eat (2°5-3-5 kg.) and run into a heparinized cylinder. It was then diluted in 9 times its volume 
of Tyrode. The amount of heparine (Kahlbaum) used was 0-02—0-07 mg. per c.c. of diluted blood. 
The pneumonie lung of the cat was perfused with this fluid for one hour as described in an earlier 
paper (Trethewie, 1945). The diluted blood was collected from the rubber tubing proximal to 
the lung at the end of and at the beginning of the experiment (Control b, a, Table 1). The 
perfusion fluid issuing from the lung was also collected (c). A portion of the fluid, a, b, ¢, was 
kept warmed for some hours (32-37° C.) and observed for coagulation, and later placed in the 
cold: in other cases, it was placed in the cold (12° C.) from the first. In addition to histological 
examination the lung was classified as slightly diseased when only small areas were affected, and 
moderately when large patches comprising the major part of one lobe were involved. The rate 
of perfusion of the lung was 1 ¢.c. per minute. 


TABLE 1. 


Coagulation of diluted blood before (a, b) and after (c) perfusion through the lung. Readings 
taken at 24 hrs. 


Appearance of 
mg. heparine ; diluted blood. 
per ¢.e. Temperature Control. Perfusion. 
Experiment. Lung appearance. diluted blood. eit a. 


Moderately diseased 0-07 
Moderately diseased 0-026 
Slightly diseased 0-07 
Slightly diseased 0°07 
Almost normal 0-02 


++ = large clot; + = small clots; —— = no elot. 


EXPERIMENTAL. 


Blood (Tyrode dilution 1/10) to which heparine has been added (0-02-0-07 mg. per c.c.) 
will clot on standing in the cold. On allowing the blood to be kept at a temperature of 32-37° C., 
more clotting occurs. In one experiment where 0-02 mg. heparine was added per ¢.c. and the blood 
placed in the cold, small clots were seen in 24 hours. Similar findings were evident when 0-07 mg. 
heparine was added to diluted blood. When diluted blood containing heparine 0-026 mg. per c.e. 
was kept at a temperature of 37° C., fine clots were produced in 80 min. The blood was then 
placed in the cold, and 18 hours later a large clot was seen. Somewhat similar findings occurred 
with blood to which heparine was added, 0-07 mg. p.c. ¢.c. diluted blood (see a, b, Fig. 1). 
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When the diluted heparinized blood (0-07 mg. per p.c.) is perfused through the pneumonic 
lung, clotting will not occur in 24 hours, even after being kept at 37° C. for some hours initially 
(e. Fig. 1). When kept in the cold from the first, clotting will also not oceur. If 0-02 mg. 
heparine per c.c. is added, the perfused blood will clot slightly in 24 hours, both when kept 
warm for some hours before placing in the cold, and also when kept in the cold throughout. 


Fig. 1. Appearance of diluted blood 24 hours after the addition of 0-07 mg. heparine 
per ¢.c. (a) blood removed from tubing proximal to pneumonic lung at beginning of per- 
fusion, (b) blood removed from tubing proximal to lung at end of perfusion, (¢) perfusion 
sample obtained from lung during one hour of perfusion. 


These findings are shown in Table 1. It is seen that with a moderately diseased lung (ex- 
periment 1) 0-07 mg. heparine per ¢.c. inhibited clotting in the perfusion fluid, while marked 
clotting developed in the control unperfused fluid. When 0-026 mg. heparine per e¢.c. was added 
to the perfusion fluid from a similar lung a trace of clotting appeared in the perfusion fluid. 
The control fluid had similar clots to those obtained in experiment 1, a contained 69,000, b con- 
tained 77,000, and ¢ contained 67,000 platelets per ¢.mm. 

When 0-07 mg. heparine per ¢.c. was added to fluid perfusing two slightly diseased lungs, 
some clotting occurred in three out of four control fluids kept in the cold. In both of the per- 
fusion fluids no clotting was evident. When 0-02 mg. heparine per ¢.c. was added to the diluted 
blood perfused through an almost healthy lung small clots appeared in both control fluids kept 
in the cold and only a trace of clotting developed in the perfused fluid. 

While 0-07 mg. heparine per ¢.c. did not stop clotting in control diluted blood, 0-02 mg. 
heparine per c¢.c. was almost able to inhibit clotting in perfused diluted blood. Therefore, the 
perfused diluted blood has activity of its own equal to more than 0-05 mg. heparine per c.c. 

In another experiment from a cat weighing 2-8 kg. diluted blood containing 0-07 mg. 
heparine per ¢.c. was prepared. The diluted blood was divided into two parts, and one was used 
as a control. To the other, chopped-up pieces of lung were added in the proportion of 1 part 
of lung to 10 parts of blood. More rapid coagulation and larger clots developed in the blood 
to which lung was added. 


DISCUSSION. 


It has been shown that the anti-coagulant activity of heparinised fluid is 
increased after perfusion through the pneumonie lung. Were protamine to 
hand. it would be worth while to see if this substance antagonized the inhibition of 
coagulation. If so, it would suggest that the anti-coagulant liberated was heparine. 
Unfortunately, this was not possible. 

Previous work has indicated that the liver is the source of heparine, but the 
findings in this paper suggest that the perfused lung has a similar property and 
this phenomenon may be much more general. It is not unlikely that it is a bio- 
logical phenomenon which aids non-coagulation of the blood in the intact animal 
wherever it may be. 

Since cut-up pieces of lung increased the coagulability of the fluid it is sug- 
gested that the substance responsible is intimately associated with the vessels, for 
perfusion of the vessels allows the fluid to acquire this diminished coagulability. 
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An attempt was made to assess the amount of anticoagulable substance liberated 
with reference to heparine. It is seen from the Table that in the case of the 
moderately diseased lung more than (0-07—0-026) mg. heparine equivalent was 
liberated per ¢.c., as the smaller amount still did not allow as much coagulation in 
the perfusion fluid as did the larger quantity of heparine in the control fluid. With 
the slightly diseased lungs the output appeared to be of the order of 0-05 mg. 
per 


SUMMARY. 


Diluted heparinized blood when perfused through the pneumonic lung de- 
velops increased anti-coagulant activity. 

The increase in activity corresponds with something more than that of 0-05 
mg. heparine per ¢.c. 
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Sufficient is known of the composition of the protein of tobacco mosaic virus 
(see, for example, Ross and Stanley, 1939; Knight and Stanley, 1941; Best and 
Lugg, 1944) for it to be stated that in respect of composition the protein differs 
very greatly indeed from those of the normal whole proteins of the main photo- 
synthesizing tissues of land plants (see, for example, Chibnall, 1939; Lugg. 1943). 

In this article there will be presented a comparison of the partial composi- 
tions of the proteins in the leaves of healthy tobacco plants and of those infected 
with mosaic virus. The amide, tyrosine, tryptophane, cyst (e)ine (i.e. cystine plus 
eysteine calculated as cystine) and methionine contents were estimated for this 
purpose. Attention will also be drawn to the peculiar effects of infection of the 
plants on certain physical properties of the proteins. 


EXPERIMENTAL, 


The Protein Preparations. 


Samples of protein were extracted from the leaves of healthy plants of Nicotiana tabacum 
var. Blue Pryor, and of those infected with mosaic virus, by methods described by Lugg (1939) 
and believed to yield samples reasonably representative of the whole protein in the leaves of 
healthy plants of other species. Protein preparations were made also from the whole leaf materials 
and from the leaf residues after extraction of protein samples. In a general way the protein 
preparations may be differentiated correspondingly by ‘‘ whole’’, ‘‘extracted’’ and ‘‘residual’’, 
and the abbreviations, W, E and R. 

The leaf materials were harvested from plants which had been growing in a glass-house, and 
the petioles and thick, basal portions of the midribs were discarded. The healthy plants had 
reached the flowering stage and had had their immature flowers removed two weeks before the 
harvest. Flowering had recommenced at the time of the harvest. All the leaves from four plants 
were taken and inoculation tests showed the material to be free from the virus. The infected 
plants were mature ones, 14 weeks old, and at about the flowering stage. They ihad been 
inoculated with virus 51 days before the harvest. A representative random harvest was taken 
from ten plants. Unlike the healthy plants, they had been growing through almost consistently 
warm weather. 

Data concerning the fresh leaf materials and the extraction of samples of protein, are shown 
in Table 1. In the order of the columns are: the label of the protein preparation (a number 
followed by an abbreviation showing whether ‘‘whole’’, ‘‘extracted’’ or ‘‘residual’’, and in 
several instances other signs as well) ; the nature of the leaf material and date of harvest; the 
percentage dry wt. of the leaves; the percentage of total N (t), coagulable N (c) and protein N 
(p), in the dry leaves; the percentage of the leaf N (t,¢ and p) appearing in an extracted juice or 
residue; the percentage of N in the dry protein preparation; and finally the percentage of ash 
in it after ignition in air at about 600° C. Values recorded in the Table have been adjusted for 
the — errors to show perfect recovery of leaf total N between the extracted juices and the leaf 
residues. 

The terms ‘‘coagulable nitrogen’’ and ‘‘ protein nitrogen’’ apply to the original leaf 
materials, to extracted juices containing protein and other nitrogenous substances, and to the 
leaf residues following the extraction of such juices. Briefly, ‘‘ protein N’’ here means N not 
extracted by applications of boiling alcohol, dilute citric acid, aleohol again and ether (as de- 
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scribed by Lugg, 1938b, c) from a material containing ‘‘coagulable N’’. ‘‘Coagulable N’’ 
means in the case of 1W, 1E, 1R, 2W, 2E, 2R and 2RE1, the N left in the insoluble material after 
heating at about 100° C. in dilute acetate buffer at pH 4-5, and in the case of 1E1 and 2E1 the 
N left in insoluble material after heating at about 70° C. in water-aleohol mixtures (1 vol. water, 
0-8 vol. aleohol) which contained some ether until it had been boiled off, at a pH corresponding 
with that of a pH 4-5 acetate buffer to which 0-8 vol. of aleohol has been added. 


TABLE 1. 
Preparation of protein samples from leaves of Nicotiana Tabacum var. Blue Pryor. 


p.c.extractedand p.c.N p.e. 


p.c. dry p.e. N in dry leaf residual N in ash 
Prep. Source and date. wt. (t, ¢, p). (t, ¢, p). prep. prep. 
1W Healthy plants 20/7/39 8-93 6-71t, 4-56c, 4°38p 8-48 2-0 
1E ” ” 85-3t, 80-5e, 75-9p 14-05 0-9 
1R 14-7t, 18-4c, 17-8p 3-21 4-9 
1E1 56-8t, 46-2c, 44-Op 14-55 1-0 
2W Infected plants* 30/4/40 9-51 5-55t, 4-75ce, 4-5lp 7°55 4:1 
2E ” ” 73 -8t, 73-1e, 73-1p 13°5 3-1 
2k > 26-2t, 27-7e, 27-8p 3:49 7-7 
2E1 ” ” 32-1t, 25-9e, 25-6p 15-0 1-1 
2RE1 41-4t, 46-6c, 47-O0p 13-15 4-2 


* The leaves of these plants were judged to contain approximately 5 p.c. of their protein N 
in the form of infectious mosaic virus protein. 


The leaves were first macerated with three times their weight of a pH 9-2 borate buffer 
containing 1-1 gm. B per litre. Liquid was separated by agitating the mashes on a sieve 
(holes 1 mm. sq.) and most of the remaining cell debris was removed from the liquid by centri- 
fuging for 2 min. in a field of 200 X g. The resulting green, opaque juices were adjusted to 
pH 9-2. From samples of these juices, coagula were obtained by acidifying to pH 4-5 and 
heating, and these in turn yielded protein preparations 1E and 2E. Values shown in Table 1 
have been calculated as if the entire juices had been used for the purpose. The remaining quan- 
tities of juices were treated with cold mixtures of 0-8 vol. of alcohol and 0-2 vol. of ether and 
allowed to stand for 15 minutes. The treated juice from the healthy leaves was then filtered 
through paper-pulp, acidified as already described to obtain first a coagulum and then protein 
preparation 1E1l. Unlike the treated juice from the healthy leaves, that from the infected leaves 
contained a large amount of flocculum. For this reason the juice was not filtered but centrifuged 
and from the centrifugate protein preparation 2E1 was obtained, and from the residue after 
centrifuging, protein preparation 2RE1 was obtained. Values shown in Table 1 have been 
calculated as if the quantities of juices used had represented the entire original quantities. 


TABLE 2. 
Partial compositions of the protein preparations. 
p.c. p.c. p.c. cyst. + SO,4-Sx 
p.c. p.c. p.c. eyst..N  meth-N  meth.-N 100/N 
Prep. p-c.N. amideN. tyr.-N.  tryp.-N. (d.o.). (d.o.). (d.0.). (d.o.). 
1W 8-48 5°57 2-63 1-78 1-35 1-41 2-76 0-25 
1E 14-05 5°32 2-63 1-87 1-34 1°51 2-85 0-90 
1R 3°21 5-64 2-64 1-87 1-37 1-41 2-78 0-34 
1E1 14-55 5°41 2-63 1-76 1-26 1-47 2-73 1-07 
2Ww 7°55 5°82 2-48 1-85 1-21 1-24 2°45 0-09 
2E 13-5 5°71 2-34 1-78 1-28 1-30 2-58 0-23 
2k 3-49 5-92 2-45 1-66 1-31 1-13 2-44 0-26 
2E1 15-0 5-90 2-51 1-76 1-30 1-34 2-64 0-32 
2RE1 = 13-15 5-70 2-29 1-79 1-28 1-26 2-54 0-11 


Methods of Estimation, and Results. 


Nitrogen estimations were made by the Kjeldahl method. The amide, tyrosine, tryptophane, 
cyst(e)ine (cystine plus cysteine calculated as cystine) and methionine contents of the prepara- 
tions were estimated by methods described by Lugg (1937, 1938a, b,c). The partial compositions 
of the preparations are shown in Table 2, the amide and amino-acid contents being reported 
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as percentages of the protein N appearing in these forms. The values have been corrected for 
such losses as the pure, free amino-acids undergo in the analytical procedures. 

The random errors of estimation for 1E, 1E1, 2E, 2E1 and 2RE1 are believed not to have 
exceeded the following amounts shown in parenthesis; nitrogen content (0-5 p.c., affecting the 
other errors) ; amide content (1-5 p.c.) ; tyrosine content (2 p.c.) ; tryptophane content (3 p.c.) ; 
eyst(e)ine content by differential oxidation (4 p.c.) ; methionine content by differential oxida- 
tion (5 p.c.) ; the sum of the last two values (2 p.c.); sulphate-S as a percentage of the weight 
of N in the preparation (from 20 p.c. for the smaller to 3 p.c. for the larger). The random errors 
for 1W, 1R, 2W and 2R are believed not to have exceeded 1-5 times the corresponding errors with 
the other preparations. 

The amide and amino-acid values are believed to be substantially free from systematic errors, 
and may be used in comparing the partial compositions of the proteins. The sulphate-S values 
are to be regarded as measures of some impurity. 


DISCUSSION. 


The differences in partial composition between 1W, 1E, 1R and 1E1, are so 
small and uncertain as to provide no evidence that 1E and 1E1 were not represen- 
tative of the whole proteins in the leaves. Actually, from the method of prepara- 
tion, 1E1 was probably slightly deficient in proteins associated with the chloroplasts. 
nuclei, ete. The whole protein in the leaves of the healthy plants appears to be 
similar in composition to that found in the healthy leaves of other spermatophytes. 

From the procedure used, and the behaviour (which was not unusual), of the 
infected leaf material during extraction, 2E and 2R might have been expected to 
be similar in composition to 2W, and there is little beyond slight and rather uncer- 
tain variations in the contents of the S-containing amino-acids to contradict this. 
Lut insofar as physical properties of proteins are related to compositions, the un- 
usual behaviour of the juice at pH 9-2 when the alcohol-ether mixture was:added, 
suggested that 2W might have differed even considerably from 1W in composition, 
and that 2RE1 and consequently 2E1 could have differed from 2E in composition. 
Actually, apart from slight differences in the tyrosine contents, 2RE1 and 2E1 
appear to be very similar to 2E in composition. Incidentally, no precipitate was 
formed when the alcohol-ether mixture was added to a solution at pH 9-2 of the 
purified virus protein itself, in concentration similar to that believed to obtain in 
the juice from the infected plants. 

The composition differences between 1W and 2W are quite small though pro- 
bably greater than variation in season, manuring, etc., could be expected to effect 
(for example, see Lugg, 1939, and Chibnall, 1939), but as indicated below, the 
differences may be attributed to the mere presence in the infected leaves of the 
virus protein which differs considerably in composition from that of the whole 
protein in healthy leaves. 

By using the partial analyses of 1W 1E and 1R, and the data in Table 1 show- 
ing the relative amounts of these, a weighted mean composition for the whole pro- 
tein in the healthy leaves is found to be: 5-48 p.c. amide N, 2-63 p.c. tyrosine N, 
1-82 p.c. tryptophane N, 1-35 p.c. ecyst(e)ine N and 1-45 p.c. methionine N. If 
the protein in the infected leaves were to consist of protein of this composition 
plus a known proportion of mosaic virus protein, then the partial composition 
of the mixed protein could be caleulated. Infectivity and isolation tests have 
shown that infected leaves in this condition may contain about 5 p.c. of protein 
N in the form of active virus protein (see, for example, Best, 1939). It is not 
known whether any of the virus protein in the leaves was incapable of infecting 
healthy leaves, but assuming that the infected leaves did, in fact, contain only 5 
p.c. of their protein N in the form of the virus, then accepting the partial analyses 
of the virus protein made by Best and Lugg (1944), the partial composition of 
the mixed protein would have been 5-61 p.c. amide N, 2-57 p.c. tyrosine N, 1-81 
p.c. tryptophane N, 1-32 p.c. cyst(e)ine N and 1-38 p.c. methionine N. These 
values differ from those shown for 2W, 2E, 2R, 2E1 and 2RE1, by amounts small 
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enough and uncertain enough to suggest that the complete amino-acid (and 
amide) composition of the non-virus portion of the leaf proteins would probably 
differ very little indeed from that of the protein in the healthy leaves. 

And yet the change in physical properties, in this experiment, was very marked 
indeed. It is reflected again in the fact (see Table 1) that whereas the precipita- 
tion of protein from the juices of healthy leaves was somewhat incomplete (about 
6 p.c.) in the absence of alcohol, and this has been observed with other plants 
(Lugg, 1939) precipitation from the juices of the infected leaves was complete 
to within the errors of estimation (actually, in fictitious excess by about 1 p.c.). 

In some later, small scale, qualitative tests of these effects, juices from the leaves of plants 
which had been infected with the virus for different periods, were examined. It was found 
that after five weeks of infection during the cool autumn, the leaf proteins behaved only slightly 
differently from those of healthy leaves of other plants (see Lugg, 1939). Thus the preparation 
corresponding with 2RE1 contained only 15 p.c. of the protein N of the original juice, instead of 
the 64 p.c. represented by 2RE1. After a further six weeks of infection, carrying over into the 
cold winter, the proteins (in solution at pH 9-2 and suspended in the plastids and other granular 
bodies) exhibited even less solubility, on addition of the aleohol-ether mixture, than was en- 
countered in the earlier, main experiments. Thus the preparation corresponding with 2RE1 
contained 78 p.c. of the protein N in the original juice. Incidentally, even at pH 10, addition of 
the aleohol-ether mixture permitted very little of the protein to be in solution; and although at 
pH 11 only about 30 p.c. of the protein N was found in the residue when the alcohol-ether mixture 


was added, there was an over-all loss of protein N, due perhaps to damage under the more 
strongly alkaline conditions. 


It would seem then that the disease progressively affects the solubility of the 
leaf proteins, rendering them less soluble in the reagent employed, but the effect 
does not appear to be reflected in any pronounced change in the amino-acid com- 
position. In this interpretation the virus may be imagined to mould progressively 
to a new physical pattern, some of the already-existing leaf protein. An alterna- 
tive interpretation is that there are built up in the plant under the directive in- 
fluences of the virus, new proteins differing but little from the normal leaf pro- 
teins in composition but markedly in physical properties. These two views, how- 
ever, may well be regarded as slightly different aspects of the one interpretation. 

The question of the effect of the disease upon the leaf proteins has been in- 
vestigated recently by entirely different methods (Frampton and Takahashi, 
1944). In an interesting study, these authors submitted to electrophoretic methods 
of separation the protein components in juices obtained from the leaves of healthy 
and infected plants. Judged from the mode of preparation, the juices were un- 
likely to have contained much of the protein associated with the plastids and 
other granular bodies of the protoplasm. 

From the scanning patterns these authors decided that the juice from normal 
plants contained three protein components whilst that from infected plants 
contained the same three together with a fourth which they presumed to 
be the virus protein itself. They concluded that the development of the disease 
does not appear to effect any change in the nature or concentration of the normal 
proteins. 

With one of their conclusions we must necessarily disagree inasmuch as we 
bave found the disease to produce a pronounced change in the physical proper- 
ties of the leaf proteins without a concomitantly large variation in the partial 
amino-acid (including amide) composition. On the other hand, the phenomenon 
which we have discovered appears to be marked in the leaf proteins only of those 
plants which have been infected for considerably longer periods than were the 
plants examined by Frampton and Takahashi (1944). It would be of great in- 
terest, therefore, to find whether this phenomenon is reflected in a change in the 
scanning patterns obtained with extracts from plants infected for the longer 
periods. 
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SUMMARY. 


Infection of Nicotiana tabacum plants with mosaic virus has been found to 
lead to progressive change in the physical properties of the proteins present in the 
leaves, the proteins tending to precipitate much more readily from borate buffer 
at pH 9-2 when a mixture of 0-8 vol. of aleohol and 0-2 vol. of ether is added. 
The change in physical properties appears not to be reflected in any marked change 
in the amino-acid composition of the proteins. Incidentally, little change in 
composition, merely in consequence of admixture of the normal leaf proteins with 
virus protein could be anticipated, because. -!though these differ markedly in com- 
position, the virus protein probably did not represent more than about 5 p.c. of 
the total protein in the infected leaves. 

Of the nitrogen present in the whole protein of the healthy leaves, 5-48 p.c. 
was represented by amide, 2-63 p.c. by tyrosine, 1-82 p.c. by tryptophane, 1-35 
p.c. by eyst (e) eine, and 1-45 p.c. by methionine. These values are similar to those 
which have been found for the leaf proteins of other spermatophytes. 
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Estimations of heparine were required on 1 ¢.c. volume of sample and at first 
the method of Copley and Whitney (1944) was employed. Our findings were not 
regular and the procedure was altered with regard to the concentration of system 
and the method of matching. Dilutions were made in Tyrode. Other details of 
difference appear in the method. It seemed that by this method we obtained more 
complete precipitation and in our hands it was more reliable, especially for small 
volumes. 

METHOD. 


As with Copley and Whitney’s method a solution of Toluidin Blue (here Griibler) was made 
up, 0-169 gm. in 1 litre distilled water. 0-5 c.c. of this was mixed with 1 ¢.c. of the sample to 
be tested and left to stand for 30 minutes. The mixture was spun for 12 minutes at 4,000 r.p.m. 
and supernatant obtained. If undiluted plasma is used it is spun for 50 minutes. This fluid 
was poured into a haematin tube (calibrated 10-140), as is used for estimating haemoglobin, up 
to mark 33. Tyrode solution was added drop by drop to this till matching was attained with 
another similar tube to which was added a mixture of 1 ¢.c. Toluidin Blue solution (above) and 
9 e.c. Tyrode. The reading on matching gives the amount of colour remaining in the Toluidin 
Blue added to the sample. The heparine content is read off from the graph (Fig. 1). 


EXPERIMENTAL. 
mf Blank. A blank control was 
set up using 1 c.c. of Tyrode. 
él 2 After addition of Toluidin Blue 
3 and centrifugation it was placed 
} in the calibrated tube to mark 33 
6d and matching proceeded with the 
standard. One might expect the 
calibration to be 110 since this 
a would give the same dilution 
x DAY | as the standard. This is not the 
ee case: there is a considerable 
+: reduction in the blue colour (see 

Control. Heparine (Kahl- 
baum) was added te Tyrode, 
to 0-08 mg. per cc. Esti- 
mations were made in groups to 
Fig. 1. Comparison of Toluidin Blue concentration re- give an indication of the varia- 
maining after treatment with heparine, and heparine con- tion occurring when the experi- 
centration. Abscissa: mg. heparine per e.c. Ordinate: ment was carried out on different 
reading for dye concentration. days. There was a very close 
approximation to a straight line 

[s (ordinate) = 1-1]. 

Blood. 


Heparinized blood. Dilutions (1 vol. of blood + 9 vols. of Tyrode) were centrifuged and 
the plasma estimated for heparine. The amount estimated corresponded with the amount shown 
for Tyrode dilutions of heparine. For example, in one experiment blood was diluted in 9 times 
its volume of Tyrode and divided into two lots containing heparine 0-03 mg. per c.c. and 
0-06 mg. per c.c. The standard matched at 65 for one and 46 for the other, equivalent to 0-03 
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and 0-059 mg. heparine per e.c. Matching, with Tyrode in a similar tube behind the sample and 
diluted plasma in a similar tube behind the standard, gave the same figure. Three days later 
(kept cold, 4° C.) the readings were the same. On the sixth day the readings were 85 and 68, 
equal to 0-00 and 0-02 mg. heparine per c.c. approximately. Evidently heparine will not keep 
indefinitely in diluted plasma. 

Undiluted blood. The blood was collected into oxalate and centrifuged (4,000 r.p.m. for 
10 minutes). Toluidin Blue was added to the plasma as before, and after standing the mixture 
was centrifuged for 50 minutes at 4,000 r.p.m. In one experiment blood containing 0-06 mg. 
heparine per ¢.c. gave a matching with the standard at 46-5 (= 0-058 mg. heparine per c.c.), 
though matching was difficult because of plasma colour and a control tube could not be placed 
behind the standard because the tint then altered markedly. On the following day this sample 
gave a reading of 48 on matching (= 0-056 mg. heparine per c.c.). 


DISCUSSION. 


It seems worth-while to keep the concentration of Toluidin Blue 0-056 mg. 
per ¢.c. since in our hands we obtained more regular findings thereby. It is also 
noteworthy that our graph gives a straight line for readings of heparine (0-00- 
0-08 mg. per ¢c.c.). Centrifugation of the blank is necessary for this and without 

25 
it a fall of 779 x 100 p.c. would be required before readings could be shown. Fur- 


ther, Toluidin Blue is an indicator and therefore it is wise to use Tyrode, a buffer. 


SUMMARY. 


A method for determining heparine content of solutions from 0:00-0:08 mg. 
(Kahlbaum) per c.e. has been evolved by modifying the Toluidin Biue method of 
Copley and Whitney. 
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In this paper we have attempted to present a balance sheet of N-compounds 
during the course of starvation by extending the range of N-compounds estimated 
to include betaine and choline-N, purine-N and nitrate-N. Changes in amounts 
of organic acids during starvation are also investigated further. 


EXPERIMENTAL. 
Description of Experiments. 


Experiment XV. Material consisted of leaves of a pure line of Algerian oats (Avena 
sterilis, L) cultured in sand in pots under standard conditions. The pots contained 3-75 kg. 
washed sand to which the following nutrients had been added (in grams per pot): Ca(NOg)o, 
0°15; NH4NOg, 0-19; KCl, 0-36; NasHPO,, 0-43; MgSO4.7H.O, 0-1; FeCl,, MnSO,.4H,O, 
CuSO,.5H».O, ZnSO,, 7 mg. each. The sand was maintained at 60 p.c. saturation capacity with 
water throughout. The plants were 11 weeks old at commencement of the experiment. The pots 
containing the plants were divided into two series at the experimental time and given different 
treatments in order to alter the carbohydrate contents of the plants. Plants of Series 1 remained in 
a glasshouse under normal conditions. Plants of Series 2 were placed in a constant environment 
cabinet at 28° C. and under continuous light (about 8,000 metre candles) for 48 hours. Leaves 
of both series were harvested at the same time, appropriate leaves from each series being bulked 
and carefully sampled. Starvation commenced at the same time in each series; the procedure 
during starvation was the same as that described previously by Wood and Cruickshank (1944). 
Tn Series 1 the leaves were yellow on the third day of starvation and browning commenced on the 
fourth day. In Series 2 the leaves were yellow on the second day of starvation and browning 
commenced on the third day. As can be seen from Table 1 sojourn at the relatively high tem- 
perature of the cabinet reduced the carbohydrate content of leaves of Series 2. No insoluble 
carbohydrates were present in either Series 1 or 2. Part of the data for Series 1 of this experiment 
has been reported in a previous paper (Wood and Cruickshank, 1944) as Experiment XIV. 

Experiment XVI. Material consisted of the same pure line of Algerian oats as in Experi- 
ment XV; plants were 12 weeks old when the experiment commenced. Manurial treatment was 
the same as in Experiment XV with two modifications; first, 8 weeks after planting each pot 
received 1 gm. (NH4)oSO,4 and second, about 4 weeks after the starvation experiment plants 
left over in the glass house developed symptoms of ‘‘ wither tip’’ characteristic of copper de- 
ficiency. No symptoms were apparent at the time of the experiment, although the Cu content of 
the plants was less than in Experiment XV. Plants of Experiment XVI contained 3-8 mg. 
se per — of fresh leaves, whilst leaves of Series 2 in Experiment XV contained 5-1 mg. 

u per kilo. 

In this experiment all plants were placed in a constant environment cabinet for 48 hours 
at 28° C. and continuous light of about 12,000 metre candles. Plants from two pots were har- 
vested for analysis at the time of entry into the cabinet; a further two pots were harvested 
after 24 hours sojourn in the cabinet. After 48 hours the remaining 20 pots were harvested and 
the leaves bulked and sampled for the starvation experiment. In this experiment carbohydrate 
content was relatively high and browning commenced on the fourth day of starvation. 

Plants in both experiments were of the same age, size and appearance; the dry weights 
expressed as percentage of the fresh weight were 15 p.c. and 17 p.c. for Experiments XV and XVI 
respectively. 


1 Research Assistant under Federal Government Research Grant to Universities, 
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Analytical Methods. 


All estimations were made in duplicate on leaf material dried rapidly in a current of air 
at 90° C. 

Amounts of protein-N, peptide-N, residual amino-N (i.e. a-amino-N minus amide-N), 
glutamine-N, asparagine-N, ammonia-N and total-N were determined as described by Wood and 
Cruickshank (1944). Carbohydrates and malic and citric acids were estimated as described 
by Wood, Cruickshank and Kuchel (1943). 

Nitrate-N was determined in the protein-free filtrate by precipitation with nitron accord- 
ing to the method of Andreadis (1929). 

No attempt was made to separate betaine and choline which were determined together. 
The method of Schulze and Trier (1912) was followed. After decomposition of the phospho- 
tungstie acid precipitate with baryta and removal of the latter, the resulting solution was 
evaporated to dryness and then warmed with absolute aleohol. Betaine and choline were pre- 
cipitated from this solution with alcoholic mercuric chloride. N-content of this precipitate was 
determined by micro-Kjeldahl and reported as betaine plus choline-N. 

Total basic-N was determined by micro-K jeldahl on the phosphotungstic precipitate obtained 
by standard procedure from the protein-free filtrate and after hydrolysis of peptides by dil. 
HySO,4. In duplicate aliquots the phosphotungstic precipitate was decomposed with pure baryta, 
the latter removed by CO, and filtered. Purine-N was estimated by micro-Kjeldahl on the pre- 
cipitate obtained by adding AgNOg to the slightly acid solution. Non-purine basic-N (presum- 
ably chiefly arginine and histidine) was estimated by micro-Kjeldahl on the precipitate obtained 
by adding baryta and excess AgNOsz to the filtrate from the purine determination. Arginine-N 
was estimated in separate aliquots by Weber’s (1930) modification of the Sakaguchi reaction. 

Results of analysis in both experiments, reported in mg. per 20 gm. original fresh weight are 
presented in Table 1. 


DISCUSSION. 
Nitrogen Compounds. 


In Experiment XV sojourn in the cabinet reduced the carbohydrate content of Series 2 
day O to about one half that of Series 1; it is also apparent that translocation of nitrogen 
occurred from leaves of plants in the cabinet since, compared with plants in the glasshouse, 
protein-N decreased in amount in the treated plants although other N-compounds showed little 
change. Similar progressive loss of protein from the leaves to other organs was seen in Experi- 
ment XVI (cf. days A, B and QO). 

More rapid senescence (yellowing) during starvation was associated with lower initial 
protein and carbohydrate contents; but in Experiment XV where comparison between the two 
series can be made, rate of protein loss was approximately the same in both series throughout 
the experimental period. 

In all experiments the sequence of events which occurs during starvation is similar to that 
described previously (Wood, Cruickshank and Kuchel, 1943; Wood and Cruickshank, 1944) viz. 
protein hydrolysis commences immediately on darkening the leaves and results in the produc- 
tion of peptides and amino acids, the amounts of which reached a maximum and then decreased; 
the amounts of some amino acids, e.g. arginine, decreased more rapidly than others. The amides 
reached their maximum amount later than the residual amino acids and are probably derived 
from them by a-amino oxidation. Ammonia reached a maximum value later than that of the 
amides. In all experiments described here these transformations account for about 90 p.c. of the 
total-N up to the time of commencement of browning of the leaves. 

Other N-compounds estimated in these experiments bring the percentage of total-N ac- 
counted for up to the commencement of browning to 95-100 p.ec. 

Of these compounds, changes in amount of nitrate-N during starvation probably cannot be 
regarded as significant. Data in the literature as to whether nitrate is synthesized during 
starvation are inconclusive. Vickery, Pucher, Wakeman and Leavenworth (1937) report an 
apparent small increase in nitrate-N in tobacco leaves starved in darkness. With rhubarb 
the same authors (1939) in one series found no increase in nitrate-N during starvation of leaves 
which initially contained no nitrate. In a second series in which nitrate-N was initially high 
there was a small, though doubtfully significant, increase in the leaf blades during early stages 
of starvation; however, in the petioles of leaves of this series there occured a marked and signi- 
ficant increase in nitrate-N during early stages of starvation, and this was followed by decrease 
during late stages of starvation. Vickery et al. (1939) reviewed work of other investigators 
where contradictory evidence is also apparent; they concluded that the evidence suggested that 
nitrate synthesis did not occur during starvation unless the leaves already contained an appre- 
ciable quantity of nitrate. In the experiments described in the present paper, and especially 
in Experiment XVI, the nitrate-N content is high, but in both cases no evidence of nitrate 
synthesis during starvation is apparent. 
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Betaine-N was estimated because we had isolated small amounts of glycocoll-betaine from 
large quantities of oat leaves. Taking into account difficulties of estimation it cannot be shown 
in our experiments that amounts of betaine-plus choline-N or of purine-N undergo significant 
change during starvation. 

Of the non-purine basic-N, arginine was estimated separately, and reached a maximum 
earlier than that of the total residual amino acids; the remaining fraction of the non-purine 
basic-N might be expected to consist of histidine, as well as other bases. Up to and including 
48 hours of starvation, the differences in this fraction between each sampling period are 
approximately equal to the amounts of histidine which would be expected from the decrease in 
amounts of protein and peptide, assuming that the histidine-N of the protein is 2-3 p.c. of the 
total protein-N (Chibnall, 1939). In later stages of starvation the differences in amounts of 
this fraction between sampling periods is greater than the amount of histidine which could be 
contributed from protein hydrolysis. 

With the onset of browning and accompanying breakdown of protoplasmic organization, 
material oozes from the cells and there occurs a loss of total-N. In Experiment XVI this stage 
was reached only towards the end of the experimental period, but in Experiment XV occurred 
earlier. At this stage the N-compounds estimated account for only about 75 p.c. of the total-N 
present in Experiment XV. We have not attempted to isolate or determine these compounds, but 
melanin formation is apparent. 


Organic Acids. 


Variations in organic acid content occur in the different treatments. It is apparent from 
comparisons of the malic acid contents of the two series of Experiment XV that sojourn in the 
cabinets prior to starvation caused decrease in amount of malic acid in the leaves. Part of this 
loss may have been caused by translocation from the leaves to other parts of the plant (ef. 
protein) ; but the loss also appears to be associated with low carbohydrate content. In Experi- 
ment XVI where carbohydrate content was initially high no decrease in amount of malice acid 
occurred in the leaves during sojourn in the cabinet. It is possible therefore that some malic 
acid was respired in plants of Experiment XV, Series 2. 

The initial values for malice acid and also for citrie acid are considerably lower in Experi- 
ment XVI than in Experiment XV. This is ascribed to the differential manuring in the two 
experiments; in Experiment XV nitrogen was applied chiefly as nitrate whilst in Experiment 
XVI a heavy dressing of ammonium sulphate was applied in addition to the basal nitrate dressing. 
Clark (1936) and Vickery et al. (1940) have shown that plants supplied with nitrate contain 
larger amounts of organic acids than those grown with ammonium salts. 

In each experiment described here malic acid content increased with time throughout the 
starvation period. In this respect oat leaves behave during starvation in a similar manner to 
leaves of Kikuyu grass and Sudan grass (Wood, Mercer and Pedlow, 1944), but differ from 
leaves of rhubarb and tobacco (Vickery et al., 1937, 1939) in which decrease in amount of malic 
acid occurs. The increase in malice acid content during starvation is relatively large in Experi- 
ment XVI compared with that in Experiment XV; this is probably associated with the fact that 
carbohydrates were soon exhausted in Experiment XV but not in Experiment XVI and that some 
malice acid may have been respired in the former experiment. 

Increase in malic acid in each ease is also associated with increase in amide-N, and especially 
asparagine-N, although there is no simple relationship between amounts of these compounds. 
However, the continued small increase in malic acid content after all carbohydrates have dis- 
appeared from the leaves suggests that some of the acid has been derived from nitrogenous 
sources. 

Citrie acid in general behaves in these leaves in a similar manner to malic acid but tends to 
decrease in amount during late stages of starvation. 

It is generally assumed that individual organic acids are formed in a cycle of interconversions 
and that their accumulation depends upon different rates of reaction at each step in the cycle; 
any one acid in this cycle would therefore accumulate until mass action brought it into equilibrium 
with the next product. Vickery et al. (1940) have pointed out that this view appears to be an 
over-simplification since amounts of malice and citrie acids are profoundly altered according as 
nitrogen is supplied as nitrate or as ammonium salt. 

The evidence in the experiments described here suggests that some malic acid is derived from 
nitrogenous sources, possibly from amides; but that if a causal relationship exists between them 
then the amides are in equilibrium with only a fraction of the total malic or citric acid present. 
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SUMMARY. 


A balance sheet showing changes in amounts of nitrogenous substances in oat 
leaves during starvation is presented for two different experiments. 

Determinations of protein, peptides, residual amino acids, glutamine, aspara- 
gine, arginine, ammonia, nitrate, purines, betaine and choline, and basic-nitrogen 
have been made, all expressed in terms of their nitrogen contents. Up to onset of 
browning of the leaves, amounts of these substances account for 95-100 p.c. of the 
total-N. 

No change in amounts of nitrate-N, betaine and choline-N and purine-N could 
be detected during the starvation period ; the major changes involving re-distribu- 
tion of nitrogen of protein, peptides, amino acids, amides and ammonia. 

With onset of browning loss of total-N occurred from the leaves and the sub- 
stances estimated accounted for only 75-80 p.c. of the total-N present in the 
leaves. 

Malic and citric acids increased in amount during starvation and the evidence 
suggests that part of these acids was derived from nitrogenous sources (probably 
amides) but that no simple relationship exists between amides and acids. 
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